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15.-  SOME  INDIAN  ECONOMIC  ALEYRODID.E. 

B>i  C.  S.  MiSRA,  B.A.,  First  Assistant  to  the  Imperial  Entomologist. 

Aleurolobus  barodensis,  Maskell.     (Plate  70). 

Ahurodes  barodensis,  Mask. — Trans.  New  Zealand  Inst.,  Vol.  28,  Tp.  242, 

1895. 
Aleurodes  barodensis.  Mask. — W.  M.  Maskell,  Ind.  Miis.  Notes,  Vol.  IV, 

Ft.  3,  pp.  143-144  and  213,  Plate  XXII,  fig.  I,  1900. 
Aleurodes  barodensis.  Mask. — H.  W.  Peal,  Jour.  Asiatic  Soc,  Vol.  LXXII, 

Pt.  II,  No.  3,  1903,  pp  90,  92-93. 
Aleurodes  barodensis,  Mask.-^Lefroy,  Mem.  Dept.   Agric.   India,   Ento. 

Series,  Vol.  I,  No.  2,  p.  245,  1907. 
Aleurodes   barodensis.   Mask. — G.    W.    Kirkaldy,    Cat.    of   Hemipteroiis 

family  Aleurodidae,  p.  47,  1907. 
Aleyrodes  barodensis.  Mask. — A.  L.  Quaintance,  Genera  Insectfrum,  p.  5, 

1908. 
Aleurodes  barodensis,  Mask. — Lefroy,  Ind.  Ins.  Life,  p.  751,  1909. 
Aleurolobus  barodensis.    Mask. — A.   L.   Quaintance  and  A.   C.   Baker, 

Classification  of  the  Aleyrodidse,  Pt.  II,  1914,  p.  109.     U.  S.  Dept. 

Agric,  Technical  Series,  No.  27,  Part  II. 
Aleurolobus  barodensis,  jMaskell,  popularly  known  as  cane  mealy- 
wing  or  sugarcane  white-fly,  is  in  particular  places  and  in  some  years 
very  destructive  to  sugarcane,  especially  the  broad  leaved  varieties. 
During  the  past  fourteen  years  that  I  have  been  observing  the  pest  at 
Pusa,  I  have  found  it  bad  in  some  years  and  lightly  so  in  other  years. 
It  is  bad  from  July  to  November  when  it  is  more  or  less  parasitized. 
In  years  when  ratoon  cane  was  allowed  to  remain  on  the  ground,  the 
subsequent  new  plantations  were  more  affected  than  when  no  such 
crop  was  allowed  to  remain  on  the  ground.  With  the  ratoon  crop  the 
pest  continued  to  breed  and  quickly  transferred  itself  to  the  new  crop. 
Besides,  I  have  seen  the  pest  bad  at  Nagpur,  Baroda,  Tharsa  (Central 
Provinces),  and  present  on  the  cane  at  Cawnpore  and  Sindewahi  (District 
Ghanda,  Central  Provinces).  In  February  1908,  when  I  examined 
the  sugarcane  on  the  Sewage  Farm,  Nagpur,  the  pest  was  so  bad  on 
the  leaves  that  with  the  whitish  puparia  on  the  leaves,  especially  the 
!  ower  side,  they  looked  white  from  a  distance.  The  lower  leaves  were 
encrusted  thickly  with  the  black  fungus,  Capnodium  sp.,  and  on  the 
whole  the  fields  looked  pale  and  sickly.  The  cultivators  though  thorough 
agriculturists  ascribed  the  stunted  growth  of  the  plants  to  the  scarcity  of 
irrigation  water.  In  a  case  like  this  it  was  no  wonder  that,  the  plants 
being  deficient  in  sucrose  contents,  they  were  not  much  appreciated  by 
the  local  people  in  the  city  [cths  where  they  were  put  up  for  retail  sale. 
(    -Jl?    ) 


EXPLANATION  OF  PLATE  70. 

Aleurolobus  barodensis. 

Fig  I.  Sugarcane  plant  infested  with  mealy-wings. 

Fig.  2.  Eggs  on  a  portion  of  a  leaf  ;  magnified  ( X  20). 

Fig.  3    Nympli,  fir.st  instar,  magnified  (x48). 

Fig.  4.  Nympli,  third  instar,  magnified  (X  13). 

Fig.  5.  Nymph,  fourth  instar,  magnified  (  x  13). 

Fig.  6.  Puparium,  female  ;  magnified  {  x  13). 

Fig.  7.  Female,  as  seen  on  plant ;  magnified  (  X  13). 

Fig.  8.  Female,  with  wings  expanded;  magnified  (x  13). 


PLATE  70 


ALEUROLOBUS   BARODENSIS. 
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1»LATE  71."^ 


A.  harodensis  on  sugarcane  leaves  ;  Pusa,  18th  December  1915. 


Page  /i9(2). 


PLATE  72. 


Leaves  of  SannaballisusarcAne  infested  with  A.  bdroilensis  and  the  fungus 
;  parasitic  on  it.    Tharsa  Farm,  C.  P.,  December  191?. 
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The  pest  has  also  been  reported  from  Bassein  Fort  (7th  April  1902) 
Baroda  {Ind.  Mm.  Notes,  Vol.  IV,  Part  3,  p.  143,  1899)  and  Ankleshwar 
(District  Broach,  Gujarat,  29th  August  1906)  from  the  Bombay  Presi- 
dency. The  Agricultural  Inspector,  South  Arcot,  Madras  Presidency, 
{Ind.  Miis.  Notes,  Vol.  V,  Part  2,  p.  44,  1900)  reported  that  in  conse- 
quence of  the  presence  of  the  pest  the  crop  looked  pale  and  stunted  in 
growth  and  that  the  cultivators  were  aware  of  the  damage  done  by  the 
pest  since  the  last  ten  years.  The  editor  of  a  local  paper  in  Baroda  wrote 
in  1906  that  the  pest  had  damaged  nearly  50  per  cent,  of  the  crop  that 
year  in  the  Baroda  territory.  Early  in  September  1914  specimens  of 
the  mealy-wing  in  almost  all  the  instars  were  collected  by  the  Imperial 
Entomologist  at  Pyinmana,  Tatkon  and  Myitkyina,  Burma,  and  an 
examination  of  the  infested  leaves  showed  that  the  nymphs  of  the  third 
and  the  fourth  instars  as  well  as  puparia  were  especially  abundant  on 
the  lower  surface  of  leaves  collected  at  Pyinmana  and  Tatkon,  and 
that  some  of  the  leaves  were  heavily  encrusted  with  the  black  fungoid 
growth  following  the  honey-dew  exuded  by  the  mealy-wings.  On  most 
of  the  leaves  the  nymphs  of  the  fourth  instar  as  well  as  the  puparia 
had  collected  together  towards  the  apices  in  very  large  number  and 
it  was  no  wonder  that  the  plants  under  such  heavy  infestation  should 
have  been  pale  and  sickly  in  appearance. 

In  the  beginning  of  December  1915, 1  examined  the  sugarcane  growing 
on  the  Tharsa  Farm,  Central  Provinces,  and  found  some  of  the  varieties 
of  sugarcane  infested  heavily.  Nymphs  of  the  second  and  the  third 
instars  together  with  the  puparia  were  present  in  numbers  on  the  lower 
surface  of  leaves,  and  the  lower  leaves  were  thick  with  the  black  fungus. 
The  variety  of  cane  most  affected  was  Sennabelli  of  Madras.  (Plate 
72.)  On  the  leaves  of  this  variety  the  puparia  were  found  affected 
with  a  fungus  and  the  specimens  were  sent  for  examination  to 
Dr.  E.  J.  Butler,  the  Imperial  Mycologist,  who  wrote  : — 

"  Mr.  Misra  collected  on  2nd  December  1915  at  Tharsa  Farm,  Central 
Provinces,  a  fungus  parasitic  on  the  sugarcane  mealy-wing, 
Aleyrodes  harodensis,  Mask.,  which  he  asked  me  to  identify. 
It  was  an  Aschersonia,  which  I  submitted  to  Mr.  Petch, 
Government  Mycologist,  Ceylon,  who  has  been  engaged  on 
a  special  study  of  the  genus  and  had  seen  all  the  Indian 
materials  available.  Mr.  Petch  now  identifies  the  fungus  as 
Aschersonia  placenta,  B.  and  Br.  This  species  has  not  been 
previously  recorded  on  a  sugarcane  pest  but  is  relatively 
common  in  India  on  species  of  Aleyrodidse  on  Citrus,  Moruf, 
and  other  plants.  An  ally  has  been  extensively  used  in 
Florida  and  elsewhere  against  the  white-fly  of  Ciiru-i." 
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The  fungus  covered  the  puparia  completely  and  destroyed  them. 
At  least  from  a  number  of  puparia  covered  over  by  the  fungus  not  a 
fcingle  adult  emerged.  On  some  leaves  the  parasitic  fungus  had  formed 
round  yellow  hemispherical  globules,  very  much  like  those  of  Ceroplastes, 
and  these  were  tilted  ofi  the  leaves  easily  as  soon  as  they  were  either 
jerked  or  twisted  round  leaving  whitish  round  patches  which  became 
conspicuous  against  the  black  back-ground  on  the  leaves  produced  by 
the  black  fungus. 

The  insects  are  known  as  Mashi,  Bamni  or  Popli  in  Gujarat  and 
LaM  in  the  United  Provinces  and  some  parts  of  Bihar  and  Orissa.  The 
adults  are  tiny,  fragile  insects  with  a  pale  body,  prominent  black  eyes 
and  a  pair  of  mealy-wings.  The  adults  are  active  and  may  be  seen  in 
numbers  on  the  apices  of  unopened  cane  leaves  or  on  the  lower  surface 
of  leaves.  They  have  not  been  seen  to  fly  long  distances  but  when 
disturbed  they  fly  actively  from  plant  to  plant.  They  seem  to  prefer 
the  brcad-lcaved  sugarcane  varieties  to  those  with  short,  thin  leaves. 
They  seem  to  be  active  from  August  to  the  end  of  March  and  appear 
to  be  afi'ected  prejudicially  with  hot  winds  which  blow  during  May  and 
June  in  Noithern  India.  Eggs  are  laid  during  the  winter,  and  nymphs, 
puparia  and  adults  may  be  seen  during  December,  January  and  February. 
The  pest  seems  to  be  active  from  August  onwards,  and  a  large  number 
of  adults  may  be  seen  on  the  apical  unopened  leaves  early  in  the  mornings 
from  7  to  9  a.m.  After  that  they  disperse  and  may  then  be  seen  on  almost 
all  the  parts  of  the  plant.  The  female  is  distinguished  readily  from 
the  male  in  being  more  robust  and  less  active  than  the  male.  Copula- 
lion  takes  place  end  to  end.  The  male  on  approaching  the  female 
shakes  its  wings  rapidly  whilst  the  female  remains  stationary  with  her 
legs  stretched  out.  In  one  instance  they  were  observed  to  remain  in 
copulation  for  three  and  a  half  minutes,  when  the  male  flew  away. 

The  eggs  are  laid  in  a  line  near  the  midrib  or  in  any  part  of  the  lower 
surface  of  the  leaf.  In  exceptional  cases  the  eggs  have  been  seen  laid 
on  the  upper  surface  of  the  leaves.  Otherwise  they  are  laid  invariably 
on  the  lower  surface  of  leaves.  The  eggs  are  either  continuous  or  broken. 
They  are  deep  castaneous  or  dark  black  and  as  such  appear  prominently 
against  the  greenish  background  of  the  leaves.  If  the  female  is  dis- 
turbed at  the  time  of  egg-laying  the  eggs  are  laid  in  small  clusters  on 
various  parts  of  the  leaf.  At  times,  when  a  large  number  of  adults 
emerge,  as  is  generally  the  case  from  August  to  December,  the  under- 
sides of  leaves  contain  a  large  number  of  eggs.  The  eggs  are  laid  mostly 
on  the  apices  of  unopened  leaves,  but  they  are  also  laid  in  numbers 
en  the  old  leaves  full  of  nymphs  and  puparia.  .  The  number  of  eggs 
laid  varies  greatly.     In  one  instance  a  female  began  laj'ing  eggs  a^ 
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7  A.M.  and  by  8-45  a.m.  in  the  same  day  she  had  laid  27  eggs  when  she 
flew  away  and  was  seen  no  more.  The  least  number  in  a  cluster  may 
be  as  low  as  3  or  as  high  as  51.  It  is  difficult  to  find  the  exact  number 
of  eggs  laid  by  a  female  in  the  fields  as  she  never  lays  them  at  one  sitting. 
In  captivity  the  number  of  eggs  laid  by  individual  females  varied  from 
27  to  47  and  I  think  it  would  not  be  wide  of  the  mark  if  the  average 
number  of  eggs  laid  by  a  female  be  taken  as  40.  Subsequent  to  the 
observation  noted  above  a  female  was  observed  to  have  laid  on  the 
18th  September  1909,  27  eggs  in  one  place,  11a  little  to  the  south  of  the 
former  cluster  and  10  a  little  to  the  side  of  the  first  cluster.  In  all  she 
laid  48  eggs  on  the  same  leaf,  though  in  three  separate  masses.  On 
the  8th  November  1911,  a  count  was  made  of  the  number  of  eggs  in 
difterent  clusters  and  the  result  was  as  follows  :— 


2nd 
3rd 


Gth  . 
Ttb  . 
8th    . 


14tli 
1.5th 


iber  of  I 
17' 


Of  these  14  were  laid  ut  a 
distance  of  not  more 
than  2  mm.  from  the 
main  ehister  and  so  were 
taken  to  form  one  chis- 
ter. 


In  some  years  these  eggs  were  laid  close  to  the  eggs  of  Neoiuaskellia 
iergii,  Sign,  on  the  lower  surface  of  the  same  leaf,  but  could  be  dis- 
tinguished readily  from  the  latter  as  they  are  laid  in  straight  lines  though 
broken.  The  females  of  Neoinaskellia  bcrgii,  Sign.;  lay  eggs  either  in  a 
circle  or  in  two  crescents  very  nearly  touching  each  other  to  form  a  circle. 

The  eggs  when  laid  freshly  are  dull  pale  brown.  Thej'  change  colour 
48  hours  after  they  are  laid.  They  are  broad  at  the  base,  pointed  at 
the  other  end.  It  is  pedunculated*  at  the  broad  end  with  a  .short, 
thick  smoky-brown  peduncle  with  which  it  is  attached  to  the  leaf.     Each 

*  A  number  of  females  were  tieatcd  with  cool  K  0  H  10  per  cent,  from  24  to  48  hours 
and  the  chitin  had  become  so  transparent  that  the  eggs  within  could  be  seen  distinctly 
under  the  microscope.  They  were  then  seen  with  peduncles  attached  to  their  broad 
<nds. 
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egg  touches  the  other  at  the  sides  and  may  be  upright  against  the  plane 
of  the  leaf  or  a  little  bent  on  either  side.  It  is  ellipsoid  in  shape,  some- 
times covered  over  with  a  thin  bloom  which  is  hardly  perceptible  to 
the  naked  eye.  The  eggs  ultimately  became  deep  black  and  as  such 
may  be  seen  as  thin,  black  lines  on  the  leaves. 

\Mien  fullv  matured,  a  slit  opens  longitudinally  and  the  head  is 
thrown  out.  Slowly  the  slit  widens  and  nearly  half  of  the  nymph  is 
out  of  the  eggshell.  After  17  to  28  minutes  the  nymph  is  completely 
out  of  the  eggshell.  It  then  remains  stationary  for  a  few  minutes  when 
it  begins  to  wander  about.  It  is  then  a  tiny  pale  yellow  insect  which 
wanders  up  and  down  the  leaf  until  it  settles  down  to  feed.  Its  colour 
becomes  smoky  yellow,  then  deep  grey,  light  black,  and  ultin>ately 
shiny  black. 

Larva — 1st  Instar.  Length  0-30  mm.  including  the  whitish  fringe  ; 
shape  elliptical,  colour  fuscous  grey  with  two  dark  spots  representing 
the  eyes  ;  a  whitish  waxy  fringe  on  the  margin  which  consists  of  fine, 
white  thin  waxy  threads  intimately  touching  each  other.  The  waxy 
threads  rise  a  little  above  the  margin.  Dorsum  longitudinally,  media- 
nally  raised  with  a  pair  of  whitish  ek/ngate  ovoid  flocculent  globules 
touching  each  other  laterally.  The  two  pairs  of  flocculent  globules  are 
situated  on  the  dorsum  between  the  eyes  and  the  vasiform  orifice.  Vasi- 
form  orifice  conical,  broad  at  ba.se,  apex  pointing  caudad,  rounded 
apically,  apex  not  touching  the  margin.  Edge  of  the  orifice  black,, 
operculum  fitting  nearly  the  anterior,  basal  fiat  portion  of  the  orifice 
which  is  posteriorly  dark  fuscous,  anteriorly  fuscous  yellow.  Lingula 
long,  cylindrical,  pointed  apically,  dark  fuscous  towards  the  apex,  not 
touching  the  apex  of  the  orifice.  It  lies  centrally  in  the  space  between 
the  apex  of  the  operculum  and  the  apex  of  the  vasiform  orifice.  Two 
long,  greyish  setae  caudad,  with  a  pair  of  smaller  setae  at  the  side  on 
the  margin  with  another  pair  of  long  dark  grey  setae  a  little  above  the 
smaller  setae.  The  space  on  the  dorsum  between  the  posterior  median 
pair  of  flocculent  globules  and  the  base  of  the  vasiform  orifice  is  finely, 
transversely  striated. 

Larva — 2nd  Instar.  Length  0-46  mm.,  breadth  0-26  mm.  ;  elongate 
elliptical,  sHghtly  convex.  The  newly  moulted  larva  is  greyish-brown 
with  a  dark  spot  on  each  side  of  a  median,  longitudinal  ridge  from  the 
cephalo-thorax  to  the  base  of  the  vasiform  orifice  dorsally  ;  a  thin, 
whitish,  waxy  fringe  on  the  margin  composed  of  shiny  rods  touching 
each  other  ;  abdomen  dorsally,  distinctly  segmented,  the  transverse 
carinations  being  especially  prominent  on  the  median  longitudinal 
dorsal  ridge,  the  carinations  not  reaching  the  marginal  fringe.  The 
fir.st  transverpe  carination  is  the  longest,  nearly  reaching  the  end  of  the 
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central  longitudinal  dorsal  convexity,  the  second  is  curved  more  in- 
wardly in  the  middle,  third  and  fourth  nearly  equal  ;  fifth,  sixth  ;ind 
seventh  nearly  equal  to  each  other,  eighth  shghtly  smaller  than  the 
seventh,  ninth  nearly  equal  to  the  third.  Two  dark  fuscous  spots  on 
either  side  of  the  base  of  the  vasiform  orifice  ;  the  space  between  the 
longitudinal  dorsal  ridge  and  the  lateral  margin  inwardly  is  sparsely 
covered  with  a  thin  whitish  meal.  Margin  finely  crenulated,  the  cre- 
nulations  consisting  of  outwardly  pointed  translucent:  teeth  (as  seen 
in  specimens  treated  with  K  0  H  10  per  cent.,  dehydrated,  passed  through 
clove  oil  and  finally  mounted  in  Xylol  X  Balsam),  the  apex  of  the  teeth 
not  reaching  the  outer  margin  ;  two  translucent  white  setae  cephalad, 
the  length  of  each  being  O'Ol  mm.  ;  two  pointed  setaj  caudad  posteriorly 
laterally,  the  length  of  each  seta  being  0  02  mm.  ;  vasiform  orifice  sub- 
conical,  posteriorly  slightly,  produced  and  not  reaching  the  margin. 
Length  of  vasiform  orifice  0'03  mm.  ;  operculum  broad,  flat,  nearly  cover- 
ing loosely  the  basal  broad  half  of  the  orifice  ;  lingula  0-03  mm.  long,  0-01 
mm.  broad,  broad  at  base,  shghtly  constricted  in  the  middle  and  broad 
at  tip  with  two  fine  hairs  on  either  side  of  the  apex,  not  reaching  the 
apex  of  the  vasiform  orifice  though  projecting  prominently  beyond 
the  operculum  ;  two  transparent  tubercles  ending  in  hairs  below  the 
transparent  pointed  teeth  of  the  crenulations  ;  two  transparent  spots 
on  either  side  of  the  base  of  the  vasiform  orifice,  a  series  of  single  pores 
on  the  margin  all  round  below  the  pointed  crenulations. 

Nymph — 3rd  Instar.  Length  1-2  mm.,  breadth  0-45  mm.,  shiny 
black  in  colour  with  a  prominent  cretaceous  fringe  in  the  margin  ;  shape 
elongate  elliptical  with  distinct  transverse  striations  on  the  dorsum 
which  is  shghtly  longitudinally  raised  from  the  anterior  part  of  the 
cephalo-thorax  to  the  base  of  the  vasiform  orifice.  The  cretaceous- 
marginal  fringe  consists  of  thin  whitish  threads  closely  toucliing  each 
other,  the  length  of  each  thread  being  0-24  mm.  The  dorsum  is  covered 
sparsely  with  white  mealy  granules  which  in  some  places  by  coalescing, 
or  toucliing  each  other  closely  form  small  hnes.  The  coalescence  of 
the  granules  is  greater  near  the  margin  thus  forming  an  indistinct  fringe 
all  round  the  margin  inwardly.  A  httle  away  from  this  fringe  inwardly 
is  another  coalescence  of  granules  forming  another  fringe.  There 
are  ten  deeply  indented  transverse  hnes  on  the  dorsum.  Of  thesfc  the 
firf-t.  second  and  the  third  are  subequal,  fifth  longer  than  fourth  and 
the  following  sixth,  seventh,  eighth  and  ninth  subequal  and  approxi- 
mate 1st,  2nd  and  3rd  in  length,  tenth  small  in  the  form  of  an  inverted, 
crescent  a  little  above  the  vasiform  orifice. 

Vasiform  orifice  subcorneal,  broad  at  base,  apex  somewhat  not 
reaching  the  margin  ;  operculum  broad  heart-shaped  fitting  loosely  into. 
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the  basal  broad  half  of  the  vasiform  orifice.  The  apex  of  the  liiigula 
projects  beyond  the  operculum  and  not  reaching  the  apex  of  the  vasi- 
form orifice,  unicolorous  with  the  operculum. 

Nymph — 4th  Instar.  (Nymph  as  seen  on  the  leaf,  not  treated  with 
K  0  H.)  In  the  4th  instar  the  distinction  between  the  male  and  the 
female  nymphs  becomes  very  distinct.  Female  nymphs  are  longer  and 
broader  than  male  nymphs.  The  nymph  immediately  after  moulting 
is  dull  brown,  quickly  turning  dark  grey  and  ultimately  shiny  black 
with  two  translucent  spots  on  either  side  of  the  longituchnal  median 
ridge  on  the  cephalo-thorax.  A  deep  excavated  line  runs  interiorly 
round  the  margin.  The  exuvium  remained  attached  to  the  nymph  for 
some  time. 

The  full-grown  larva  is  2-2:")  mm.  long,,  10-5  mm.  broad  exclu.sive 
of  the  waxy  fringe.  Dorsum  covered  thickly  -nnth  cretaceous  white 
meal.  Between  the  whitish  dorsal  meal  and  the  marginal  cretaceous 
white  fringe  a  deep  black  excavated  line  runs  internally  round  the  peri- 
phery of  the  margin.  A  dorso-median  longitudinal  cretaceous  white 
line  on  the  cephalo-thorax  and  the  abdomen  extending  to  the  base  of 
the  vasiform  orifice,  somewhat  broken  on  the  cephalo-tln'i,.  x  aiiteri- 
orly,  prominent  on  the  cephalo-thorax  prominently  and  the  abdomen 
basally. 

Vasiform  orifice  long,  in  the  shape  of  an  elongate  cone,  apex  pointing 
caudad,  basally  and  laterally  bounded  by  cretaceous  white  lines,  the 
lateral  ones  meeting  below  apex  of  the  vasiform  orifice  forniing  a  thick 
white  fine  wjiich  touches  the  marginal  fringe. 

In  the  untreated  specimens  the  operculum  and  the  lingula  are  indis- 
tinct on  account  of  the  black  colour  of  the  chitin. 


Life-cycle  and  Hibernation. 

During  August  1913,  a  complete  life-cycle  was  seen  to  occupy  24  to 
25  days,  thus  : — 

Eggs  kid 9th  August  1913. 

Eggs  hatched      ....     ]  6th  August  1913. 

Adults  emerged  .         .         .3rd  September  1913      .         .     25  days. 

In  the  winter  the  cycle  must  be  still  longer.  There  is  practically 
no  hibernation  in  this  species  during  the  winter.  The  adults  are  found 
from  November  until  the  end  of  January  and  the  beginning  of  February. 
They  seem  to  be  very  su.sceptible  to  hot  winds  during  April-June.     On 
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the    litli  April  1908,  I  made  a  note  to  this  effect  in  my  note-book 
thus  :— 

14th  April  1908. — Egg-laying  si^arse,  not  many  imagines  are  to  be 
seen  on  the  leaves.  The  past  hot  days  seem  to  have  had  a 
deterrent  effect  on  egglaying.  Yesterday  the  temperature 
was  109-7  with  strong,  hot  winds  and  a  large  number  of  nymphs 

were  seen  shrivelled  up  on  the  leaves 

Again  on  the  12th  May  1908,  I  noted  :— 

Eggs  freshly  laid  with  nymphs  of  II,  III  and  IV  instars  on 

the  leaves.  The  number  of  eggs  on  the  leaves  extremely 
small.  The  past  hot  days  seem  to  have  had  a  deterrent  effect 
on  the  growth  of  the  nymphs,  and  a  number  of  them  are  to  be 
seen  shrivelled  up  or  looking  unhealthy 

Last  year  I  tried  to  work  out  the  hfe-history  of  the  species  to  find 
out  the  time  taken  for  a  complete  cycle  during  the  winter  and  with  this 
object  found  adults  in  the  fields  which  when  confined  laid  eggs.  These 
hatched  and  the  nymphs  were  progressing  healthily  when  the  plant  on 
which  they  were  breeding  was  found  to  have  been  affected  with  borers 
and  withered  prematurely.  In  the  fields  adults  are  plentiful  in  the 
beginning  of  December  when  eggs  are  laid.  They,  however.'  become 
scarce  during  January,  again  appearing  by  the  beginning  of  February 
at  Pusa. 

Parasites  and  Predators. 

I  have  not  hitherto  found  any  parasites  on  the  eggs  or  on  the  adults. 
The  nymphs  and  the  puparia  are  parasitized  heavily  by  three  species 
of  Chalcididee  noted  up  to  this  time.  It  is  possible  there  are  many 
more  which  have  not  been  noted  as  yet.  The  puparia  seem  to  be 
affected  more  than  the  nymphs,  and  the  parasitization  seems  to  reach 
its  maximum  by  the  middle  of  December.  Last  year  we  have  had  a 
few  countings  made  with  the  following  results  : — 


X.,'.  of  nyrapli.s  ancl  puparia  on  lea\ 


3rd  December  1918,  397  (one  leaf) 
5th  December  1918,  146  (one  leaf) 
12th  December  1918,  46.5  (one  leaf) 
14th  December  1918,  228  (one  leaf) 


322  j        81-10 

134  I       91-70 

418  92-04 

199  '        87-51 
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From  the  beginning  until  the  third  week  of  December  1918,  the  para- 
sites were  so  numerous  that  large  numbers  of  them  were  to  be  seen  on 
the  infested  leaves  close  to  the  nymphs  and  puparia.  Their  colour 
is  black  and  as  such  they  are  seen  distinctly  against  the  greenish  or  pale- 
green  background  of  the  leaves.  Of  the  three  parasites  observed  to 
be  plentiful  during  December  1918,  the  one  figured  below  was  the  most 
prominent.  It*is  a  shiny  black  Chalcidid  with  antennae  and  legs  pale 
stramineous.  The  wings  have  no  veins  ;  instead  there  is  a  shght  thicken- 
ing of  the  costal  margin  at  base.  The  tibial  spur  on  anterior  leg  is  very 
prominent.  The  third  antennal  joint  is  the  shortest  and  the  apical 
joint  is  transversely,  obliquely  though  very  faintly  divided  in  some 
specimens.  In  others  the  divisions  are  not  prominent.  In  some  speci- 
mens the  apical  joint  of  the  left  antenna  is  broader  and  flatter  than 
the. apical  joint  of  the  right  antenn  i  which  is  thin  and  pointed  as  shown 
in  the  figures  below.  This  shows  the  variation  taking  place  in  indivi- 
dual specimens  of  the  same  species.  In  future  generations  these  varia- 
tions may  become  fixed  and  lead  to  the  growth  of  new  species.  There 
were  as  many  as  3  to  6  clean  circular  holes  on  some  puparia  and  this 
shows  that  a  pupariurii  could  harbour  as  manv  as  .six  parasites  within 
it.     (Plate  73.) 

The  fact  that  at  times  and  in  particular  localities  the  pest  is  very 
bad  will  be  clear  to  any  one  who  has  opportunities  of  observilig  it  on  its 
favourite  foodplant,  the  sugarcane,  in  various  localities  in  the  sugarcane- 
growing  tracts  in  Northern  India.  At  Pusa  the  pest  is  bad  in  some 
years.  A  single  affected  leaf  has  been  counted  to  contain  from  146  to 
as  many  as  517  nymphs  and  puparia,  and  '  ne  can  easily  form  an  idea  of 
the  sap  drained  off  by  such  a  large  horde  of  insects  which  exude  honey- 
dew  so  copiously  that  it  lies  thickly  on  the  leaves  and  gives  rise  to  the 
black  fungus.  In  1907  we  tried  to  remove  the  affected  leaves  in  the 
worst  infested  plots  and  much  good  was  done.  But  this  measure  though 
effective  is  very  drastic  in  its  apphcation  and  I  am  chary  how  far  it  will 
commend  itself  to  the  cultivators.  Besides  this,  no  other  easy  and 
equally  effective  measure  seems  to  be  practicable.  Some  such  measure 
was  also  adopted  by  the  Superintendent  of  Entomology,  Baroda.  in  1911 
or  thereabout  and  he  remarked  : — 

"  The  result  of  operations  was  that  all  the  canes  became  leafless. 
A    few    weeks  after  the   aspect  changed  and  the  plants    put ' 
forth  healthy  and  vigorous    leaves  and    the    whole  crop  was 
tlius  reheved  of  the  pest." 

The  area  treated  was  one  acre  and  3  gunthas  and  four  cuttings  were 
made  on  the  IVIodel  Farm,  Baroda. 
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Fig.  1.— Chalcidid  parasite  on  A.  btiiotl<tists  ;  Pusa,  December  1918  ;      45. 
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Fig.  2.— Apical  joints  of  {(i)  left  and  (h)  right  antennae  of  Chalcidid  parasitic  on  A .  baroffcusis, 
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EXPLANATION  OF  PLATE  74. 

Neomaskellia  bergii. 

Fig.     1.  Eggs  on  lower  surface  of  sugarcane  leaf,  magnified  (x  12). 
Fig.     2.  (n)  An  egg  (somewhat  shrivelled) ;  magnified  ( x  67). 

(6)  A  healthy  egg,  showing  peduncle;  magnified  (xC7). 
Fig.     3.  Female  laying  eggs  on  a  leaf,  natural  size. 
Fig.     4.  Female  laying  eggs,  magnified  (  x  5). 

Freshly  laid  eggs,  yellow. 

Eggs  more  than  12  hours  old.     Dark  giey. 
Fig.     5.  Female  with  wings  expanded  ;  magnified  ( x  16). 
Figs.    6 — 8.  Larvse  (dorsal  view). 
Fig.     9.  Male,  dorsal  view  ;  magnified  ( x  27). 
Fig.   10.  Male  puparium,  lateral  view;  magnified  (x20). 
Fig.  11.  Female  puparium,  lateral  view  ;  magnified  (x20). 
Fig.  12.  Female  vasiform  orifice,  viewed  from  behind,  much  enlarged. 
Fig.  13.  Male  vasiform  orifice  and  genitaUa  ;  magnified  (x67). 
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7th  June 
18th  June     . 
16th-18thJuly 
:28th  July 
^9th     „ 
30th     „ 


Date  oi  operation 


165 
2,333 
2,663 
7,073 
17,23o 
7,442 
5,151 
11,419 
17,810 


Zuckerrohr  und  Seine  Kiilture,  p.  315 


Neoitia.ikeU.ia  bergii,  Siguotet.     (Plate  74.) 

Aleurodes  bergii,  Sign. — Signoret,  Annales  Soc.  Ento.  France  (4),  Vol. 

VIII,  p.  395  (1868). 
Aleyrodes  bergii,  Kruger. 

'  (1896). 
Aleurodes    bergii.     Sign. — Und.  Proef  Station  East  Java    New  Seiics, 

No.  29,  p.  3  (1896). 
Aleurodes  bergii.  Sign. — Zehntner,    Archief  voor  de  Java    Suiker  indus- 
tries, Vol.  V,  pp.  937-950,  Plate  XX  (1896). 
Aleurodes  bergii.  Sign. — H.  M.  Lefroy,  Ind.  Ins.  Life,  p.   7."2   (1909). 
Aleurodes  bergii,  Sign.— Fletcher,  South  Ind.  Ins.,  p.  507,  f.  394  (1914). 
Aleurodes  bergii.  Sign. — Maskell,  Trans.  New  Zealand  Institute,  XXII, 

p.  172(1890). 
Aleyrodes  bergii,  Sign. — Cockerel!,  Proc.  Acad.  Sc.  Philadelphia,  p.  281 

'  (1902). 
Aleyrodes  bergii ,  Sign. — A.  L.  Quaintance,  Genera  Insectorum,  Aleyrodi- 

dee,  p.  5  (19C8). 
Aleurodes   bergii.   Sign. — S.    Matsumura,    Die     Schiidhchen    und   Niitz- 

lichen,  p.  12,  Plate  XI,  figs.  1-4. 
Aleurodes   bergii,    Sign. — L.    Zehntner,    Mededeelengen   van   Het   Proef 

Station    Oost   Java,  Nieuw    Series,    No.    29,    pp.  3-4,    Plate,  figs. 

1-16. 
N eomashellia  bergii,  Sign. — Quaintance  and  Baker,  U.  S.   Dept.  Agri., 

Tech.  Series,  No.  27,  Pt.  I,  Plate  XXXIV.  figs.  1-8  (1912). 
Neomaskellia  bergii.  Sign. — Quaintance  and  Baker,  U.  S.  Dept.  Agri., 

Tech.  Series,  No.  27,  Pt.  II,  p.  104. 

The  adults,  eggs  and  nymphs  were  fir.^i  found  by  nie  on  sugarcane  at 
Pusa  on  the    5th   July  1907    along    with   the   nymphs   and   puparia  of 
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Aleufo'obiis  barodensis,  Maskell.  These,  along  with  those  of  A. 
barodensis,  are  found  in  the  majority  of  cases  almost  wholly  on  the 
lower  surface  of  sugarcane  leaves,  but  the  eggs  with  the  female  laying 
them  are  very  conspicuous  objects  on  the  leaves  and  once  seen  cannot 
be  forgotten  soon.  Besides,  the  presence  of  eggs  and  the  females  laying 
them  are  betrayed  by  the  presence  of  the  ants  which  attend  upon  them 
for  the  sake  of  the  honey-dew.  The  ants  may  be  seen  standing  behind 
the  females  and  tapping  them  gently  vAih  their  antennae  and  these  are 
seen  to  exude  the  honey-dew  in  droplets  which  are  licked  up  greedily 
by  the  ants.  The  eggmasses  are  fairly  large,  either  wholly  circular  or 
consisting  of  two  crescents  meeting  each  other  towards  their  sharp  ends 
in  the  centre,  thus  forming  a  circular  spot.  The  eggs  when  laid  freshly 
are  shiny  pale  yellow  and  48  hours  after  being  laid  they  turn  dusky 
yellow,  the  apices  turning  dark  fuscous  brown,  ultimately  turning  deep 
chocolate  brown.  They  are  attached  to  the  surface  of  leaves  by  pedun- 
cles. In  a  mass  of  eggs,  some  are  pale  yellow  whilst  others  are  dark 
castaneous.  The  former  are  freshly  laid  eggs  whilst  the  latter  are  at 
least  48  hours  old.  The  position  of  the  female  while  laying  eggs  is 
very  characteristic.  She  stations  herself  mostly  on  the  lower  surface 
of  a  cane  leaf,  the  abdomen  is  slightly  raised  and  the  legs  stretched  out ; 
the  eggs  are  then  laid  close  to  each  other  on  one  side — completing  either 
the  right  or  the  left  side  of  the  circle  ;  she  then  wheels  round  and  begins 
laying  eggs  on  the  other  side.  In  this  posture  she  becomes  a  very 
conspicuous  object  on  the  leaves.  The  eggs,  with  the  female  laying 
them,  and  stationed  in  the  centre,  become  very  prominent.  The  female 
is  so  slow  in  her  movements  that,  even  if  disturbed  whilst  laying  eggs, 
she  stops  for  a  few  minutes  and  then  again  begins  laying  eggs.  While 
doing  so,  she  is  attended  by  the  ants.  Camfonotus  ccmpressvs,  which 
wait  upon  her  for  the  sake  of  the  honey-dew.  Thus  she  performs  two 
functions  simultaneously.  She  lays  eggs  and  then  has  to  respond  to 
the  gentle  taps  of  her  ant-attendants  for  the  honey-dew.  When,  how- 
ever, the  female  refuses  to  exude  the  honey-dew,  the  ants  get  annoyed 
and  remove  her  to  another  place  to  feed.  On  the  18th  July  1907 1  watched 
the  ants  attending  upon  females  while  laying  eggs.  An  ant  which 
repeatedly  tapped  the  female  on  the  dorsum  failed  to  obtain  the  required 
supply  of  honey-dew.  It  became  irritated,  caught  hold  of  the  female 
gently  in  its  mandibles  and  transported  her  bodily  to  another  suitable 
succulent  spot  in  the  same  leaf.  On  the  21st  July  1907,  I  found  the 
same  female  (the  female  under  observation  was  marked  with  red  on 
the  abdomen  to  facilitate  distinction  from  other  females)  resting  7 
inches  down  from  the  spot  I  had  seen  her  on  the  previous  day,  with  a 
number  of  ants  attending  upon  her. 
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The  female  lays  eggs  very  slowly.  Sometimes  she  has  been  seen 
to  continue  laying  eggs  for  more  than  three  days.  In  one  case  a  female 
began  laying  eggs  at  11  a.m.  on  the  16th  July  1907  and  had  not  com- 
pleted laying  eggs  till  12  noon  on  the  20th  July  1907.  From  11  a.m., 
16th  July,  until  4  p.m.,  19th  July,  she  had  finished  only  one  side  of  the 
circle.  In  another  case  a  female  was  seen  to  have  started  laying  egt^s 
at  5-37  P.M.  and  by  5-52  p.m.  of  the  same  day,  17th  July,  she  had  laid 
only  4  eggs. 

The  number  of  eggs  in  a  cluster  varies  greatly.     It  may  be  from  100 
to  150  or  more.    In  a  count  of  eggs  in  different  clusters  made  on  the 
20th  July  1907  it  was  found  that  the  number  was  : — 
Eggmass— 

1st 109 

^nd 187 

3rd 154 

4th .  .129 

5tli 137 

Cth 138 

7th Ul 

8th '      .         .         .       12C 

Average  140  per  cluster  and  this  number  corresponds  to  the  number 
of  eggs  found  laid  by  two  females  under  observation — one  of  them  laid 
138  and  the  other  141  (clusters  6th  and  7th  above).  In  cases  where 
two  or  more  females  have  oviposited  close  to  each  other  the  eggmasses 
appear  like  small  black  patches  on  the  leaves.  But  this  is  rather  the 
exception  than  the  rule. 

Each  egg  is  elhptical  in  shape,  0-25  mm.  long,  0-05  mm.  broad.  It  is 
attached  to  the  leaf  with  a  pale  brown  peduncle.  It  is  broad  at  base, 
and  tapers  towards  the  apex  with  a  slight  sweUing  in  the  middle.  When 
fully  matured  it  turns  shiny  black  and  remains  either  upright  or  incUnes 
slightly  towards  one  side.  When  the  nymph  is  about  to  emerge  a  sHt 
opens  longitudinally  laterally  and  the  head  with  the  antenna  is  thrust 
out.  The  slit  then  wdens  and  a  pale  brown  nymph  comes  out.  It 
then  rests  near  the  empty  egg-shell  or  moves  about  slowly  amidst  empty 
egg-shells.  Having  selected  a  suitable  succulent  spot,  it  settles  down 
and  begins  to  feed.  If  touched  or  pricked  shortly  after  emergence  it 
exudes  a  drop  of  clear  liquid.  The  nymphs  moult  and  their  exuvia 
remain  attached  to  them  until  they  are  blown  away. 

A  hfe-cycle  takes  20  to  22  days  to  complete.     Thus  :— 

Eggs  laid         ....     IStb  June  1914, 

Adults  emerged        .         .         .     6th  July  1914     .  .     19  days. 
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In  another  case,  a  cycle  was  found  to  last  for  22  days  in  June  1914. 
The  adults  on  emergence  move  about  slowly  on  the  leaves,  at  times 
flapping  their  wings.  They  couple  end  to  end  and  the  copulation  was 
noticed  to  last  for  four  or  five  minutes  only.  The  female  after  layirg 
eggs  becomes  sluggish  and  in  a  case  under  observation  was  found  to 
rest  at  the  base  of  a  leaf  on  which  she  had  laid  eggs. 

The  grubs  and  adults  of  Scifmnus  sp.  devour  the  eggs,  nymphs  and 
adults  of  the  mealy-wing.  The  eggs  of  the  beetle  were  seen  laid  in  the 
midst  of  eggmasses  of  the  mealy-wing.  Each  egg  is  elongate,  elliptical, 
pointed  at  one  end  and  broad  at  the  other.  The  tiny  grub  that  hatches 
out  is  pale-yellow,  distinctly  segmented  with  hairs  laterally.  It  moves 
under  the  eggs  feeling  the  peduncles  which  may  be  seen  to  .shake  when 
an  affected  egg-clu.«ter  is  seen  under  the  microscope.  The  grub  stations 
its  I  If  below  the  egg  and  gnaws  its  base  with  its  strong  mandibles.  Having 
eaten  one  it  moves  on  to  another.  It  also  devours  the  nymphs  as  well 
as  the  adults.  In  confinement  they  showed  carnivorous  tendencies  as 
the  stronger  ones  killed  and  devoured  the  weaker  ones.  In  several 
cases  the  grubs  were  seen  to  kill  more  adult  mealy-wngs  than  they 
ate  actually.  The  grubs  when  about  to  pupate  become  stationary  and 
pupate  on  the  leaf  with  the  exuvium  attached  to  their  hind  ends.  A 
grub  pupated  on  13th  September  1913  and  the  adult  emerged  on  the 
19th  September  1913.  Besides  Scymnus  sp.,  the  puparia  were  found 
parasitized  by  a  pale  yellow  Chalcidid,  although  the  number  was  not 
very  large. 

The  adults  are  abundant  in  some  years  though  not  so  in  others. 
During  the  past  thirteen  years  I  have  come  across  large  numbers  of 
them  during  1907,  1911,  1913,  1914,  and  1915.  During  January  1914 
the  adults  were  so  numerous  on  the  leaves  that  they  appeared  black 
from  a  distance. 

This  mealy-wing  is  not  a  serious  jjest  of  sugarcane,  but  appears 
sporadically  and  may  then  be  seen  on  the  leaves  along  mth  A.  barodensis. 
In  Java  it  is  found  along  with  A.  lactinea,  which  I  have  not  hitherto 
found  m  this  country. 

No  measure  need  be  taken  against  this  mealy-wing.  If  at  all 
numerous,  the  collection  and  destruction  of  eggmasses  could  be  easily 
effected  as  they  are  very  prominent  on  the  leaves. 

Besides  Pusa,  specimens  have  also  been  received  from  Nagpur 
in  the  Central  Provinces.  It  also  occurs  on  cane  in  South  India.  In 
the  Central  Provinces  the  species  has  been  found  to  occur  on  juar  loth 
at  Nagpur  a'ld  Tharsa.     (Plates  7-").  7(5.) 
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Neomaskellia    bergU    on     Atulropogon 
sorghum,  Terinkhedi  Farm,  Nagpur,  T913. 


PLATE  77. 


ALEUROCANTHUS  SPINIFERUS. 


EXPLANATION  OF  PLATE  77. 

Aleurocanthus  spiniferus. 

Fig.     1.  Eggs  on  a  portion  of  leaf.  ; 

Fig.     2.  Single  egg  ;  magnified  ( x  33). 

Figs.   3—6.  Nymphs. 

Fig.     7.  Male  puparium  ;  magnified  ( x  40). 

Fig.     8.  Female  with  wings  expanded  ;  magnified  ( x  54). 

Fig.     9.  Portion  of  margin  of  forewing  of  female,  much  enlarged. 

Fig.  10.  Antenna,  female,  much  enlarged. 

Fig.  11.  Genitalia,  male;  magnified  (x20). 
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Aleurocanthus  sjnmfems,  Quaint.     (Plate  77.) 

Aleurodes     spinijera,     Quaint. — Quaintance,     Canadian    Entomologist, 

Vol.  XXXIV,  p.  63  (1902). 
Aleyrodes   spinifera,   Quaint. — Quaintance,   Genera  Insectorum,   Fasc. 

87,  p.  10(1908). 
Aleurocanthus  spmifervs,  Quaint.^ — U.  S.  Dept.  Agri..  Tech.  Series,  No.  27,. 

Pt.  II,  p.  102  (1904). 
Distribution. — Java,  India. 

The  nymphs  and  adults  of  A.  sfiniferus  were  first  observed  by  me 
early  in  September  11908  in  the  Botanic  gardens  at  Pusa  on  orange, 
lemon  and  pomelo  leaves.  It,  however,  appeared  on  a  number  of  trees 
in  the  same  area  in  the  following  year  when  23  out  of  51  trees  were 
full  of  the  black  mealy-wings  in  all  stages.  The  nymphs  and  the  adults 
exude  honey-dew  so  copiously  that  it  lies  thickly  on  the  leaves,  giving 
rise  to  a  black  fungus.  I  have  observed  these  for  a  number  of  years 
but  have  not  found  them  to  be  in  any  way  injurious  to  the  plants,  which 
however,  look  unhealthy  with  a  thick  deposit  of  a  black  fungus  which 
interferes  with  the  proper  function  of  the  leaves  and  causes  them  thereby 
to  become  prematurely  seared.  Such  leaves  drop  off  with  the  nymphs 
and  puparia  on  them  and  when  blown  away  by  the  wind  estabhsh  the 
mealy-wings  on  hitherto  unaffected  plants.  Besides  this,  there  is  a 
pecuhar  aroma  or  smell  wafted  from  the  infested  trees  and  it  is  probably 
due  to  this  that  a  number  of  Syrphidae  were  seen  to  be  hovering  about 
them.  An  unusually  large  number  of  Vespidse  were  also  to  be  seen  visiting 
the  infested  plants,  probably  for  the  sake  of  the  honey-dew.  I  did  not 
notice  ants  attending  either  the  nymphs  or  the  adults  on  the  trees. 
The  eggs,  the  nymphs  and  puparia  are  to  be  seen  on  the  lower  surface 
of  the  leaves  invariably.  In  no  case  were  these  seen  on  the  upper  sur- 
face of  leaves.  During  1910  the  mealy-wing  was  very  abundant  on  a 
large  number  of  Citrus  spp.  plants  in  the  Botanical  area  at  Pusa.  On 
the  28th  July  1910,  a  large  number  of  SyUiet  orange  plants  were  swarm- 
ing with  the  Aleyrodid  in  every  stage  of  development  and  so  profuse 
was  the  exudation  of  the  honey-dew  and  the  subsequent  development 
of  Capnodium  sp.  on  the  leaves,  that  they  looked  black  from  a  distance. 
But  for  this,  the  plants  did  not  seem  to  be  any  way  the  worse.  They 
seemed  to  be  flowering  and  fruiting  Like  others  which  were  not  so  badly 
affected  and  which  were  situated  at  a  distance  from  the  former. 

Copulation  takes  place  from  side  to  side  and  the  male  may  be  seen 
shaking  its  anal  end  briskly  from  side  to  side  and  flapping  its  wings 
which  are  thinly  covered  with  a  white  meal.  Copulation  lasts  for  from 
four  or  live  minutes   when  the  male  flies  off.     The  female  lays  eggs  m 
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spirals  on  the  lower  surface  of  leaves.  The  eggs  when  laid  freshly  are 
pale  yellow  but  when  they  are  matured  they  turn  orange-brown.  They 
are  elongate  oval,  somewhat  concave  in  the  middle.  They  are  attached 
to  the  leaf  surface  by  means  of  short,  thick,  slaty-grey  peduncles.  If 
■examined  under  the  microscope  the  chorion  seems  to  be  tessellated 
finely  with  hexagonal  patterns.  The  number  of  eggs  laid  by  a  female 
has  not  been  determined.  In  a  number  of  eggmasses  examined  the 
number  was  found  to  be  : — 
Eggraass — 

1st 46 

2nd     ...         : 37 

3rd *     .         .         19 

4th 37 

5th 39 

6th 47 

7th 34 

8th 62 

9th 41 

10th 52 

In  some  cases  the  spirals  forming  eggmasses  crossed  each  other  and  in 
others,  when  a  number  of  females  had  oviposited  close  to  each  other, 
they  formed  broad  spots  on  the  lower  surfaces  of  leaves. 

The  nymphs  on  hatching  fix  themselves  near  the  empty  eggshells 
and  move  but  little.  When  the  adult  emerges,  a  longitudinal  slit  opens 
on  the  cephalo-thorax  dorsally  and  the  head  is  thrust  out.  A  few 
minutes  later  nearly  half  the  body  is  out  of  the  puparium.  It  then 
struggles  from  side  to  side  and  stands  bolt  upright  within  the  slit  on 
the  puparium.  The  lateral  motions  are  continued  until  it  is  clear  out 
of  the  puparium.  It  is  then  bright  yellow  with  eyes  deep  maroon. 
The  wings  are  crumpled  and  remain  pressed  against  the  abdomen  laterally. 
As  they  get  aerated  they  continue  to  expand.  Twelve  to  fifteen  minutes 
after  coming  out  of  the  puparium  the  adult  begins  to  move  about.  The 
male  puparia  may  be  distinguished  easily  from  the  female  puparia  on 
account  of  their  size  ;  they  are  much  smaller  than  the  latter.  The  honey- 
dew  exuded  by  the  adults  is  so  profuse  that  it  Ues  thickly  on  the  leaves 
and  gives  rise  to  a  fungus,  Clasdosporunn  sp.,  along  with  the  sooty- 
mould  found  so  profusely  on  the  leaves. 

During  August  1909  a  number  of  grubs  of  Chrysopa  fvlvolitieaia 
was  seen  actively  running  about  the  infested  leaves  with  the  remains 
of  their  victims  on  their  backs.  On  the  18th  August  1909  three  grubs 
were  found  on  a  leaf  and  from  19th-27th  August  1909  they  were  fed 
exclusively  vnth  the  nymphs  and  puparia  of  the  Aleyrodid.  On  the 
28th  August  one  of  these  pupated  and  emerged  as  an  imago  on  the  6th 
September  1909. 
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Besides  these,  the  nymphs  and  puparia  are  parasitized  by  a  small, 
pale  yellow  Chalcidid.  From  20-35  adult  Chalcidids  were  seen  on  a 
very  badly  infested  leaf  either  resting  or  in  cop.  The  parasitized  puparia 
mav  be  distinguished  readily  from  healthy  ones  or  those  from  which 
the  adults  had  emerged  by  the  presence  of  clean  circular  holes  on  the 
dorsum.     On  the  7th  January  1911  the  parasitization  was  as  under  :— 


— 

puparia  on 

JN umber  parasitized 

a  leaf 

Leaf- 

let     

60 

28 

2nd 

54 

2 

3rd 

55 

1 

4th 

36 

6 

5th 

24 

3 

6th 

13 

4 

7th 

45 

13 

287 

57—19-86  per  cent. 

In  this  species,  too,  there  is  no  hibernation.  The  adults  continue  to 
emerge  during  December  and  January  and  lay  eggs.  Like  A.  barodensis 
and  N.  bergii,  this  species  too  seems  to  be  rather  prejudicially  affected 
with  hot  winds,  which  blow  in  North  India  from  the  beginning  of  May 
to  the  end  of  June.  The  adults  as  well  as  the  nymphs  are  met  with 
in  numbers  on  the  leaves  during  the  winter. 


16.— THE    RICE  LEAF-HOPPERS. 
By  C.  S.  MiSRA,  B.A.,  First  Assistant  to  the  Imperial  Entomologist. 
(Nephotettix    bipunctatus,    Fabr.    and  .  N.    apicalis,    Motsch.) 
The  rice  leaf -hoppers  were  reported  for  the  first  time  damaging 
rice  in  the  Sambhalpur  District,  Bihar  and  Orissa,  in  1910.     But  the 
hoppers  appeared  late  in  the  season  and  consequently  sUght  or  no  damage 
was  done.     They  again  appeared  in  1913  though  late  in  the  season  and 
did  some  damage  to  the  standing  crop  of  rice.     The  same  year  they  were 
also  reported  from  Champhai  in  the  Lushai  Hills.     Mr.  J.  Hezlett,  I.C.S., 
Superintendent,  Lushai  Hills,  Aijal,  wrote  on  the  4th  December  1913  : — 
"  The  flat  areas  under  wet  rice  cultivation  are  small  and  are  surrounded 
.by  miles  of  jungle.     The  insect  is  well  known  to  the  Lushais  and  fre- 
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queatly  does  some  damage,  but  for  the  first  time  this  year  the  damage 
done  by  it  has  become  serious." 

In  the  Chhattisgarh  Division  of  the  Central  Provinces  the  pests  were 
noticed  for  the  first  time  in  1913  when  they  appeared  late  in  the  season 
and  did  some  damage  to  the  standing  crop  of  rice.  The  following  year, 
i.e.,  1914,  they  appeared  early  and  over  a  much  larger  area.  They  did 
considerable  damage  to  the  paddy  crop  in  the  Bilaspur  and  the  Raipur 
Districts  of  the  Central  Provinces.  The  damage  done  by  the  hoppers 
was  so  serious  that  the  Commissioner  of  the  Division,  Mr.  H.  M.  Laurie, 
I.C.S.,  wrote : — 

"  I  have  been  touring  in  the  Mungali  Tahsil  of  the  Bilaspur  District 
and  I  find  much  complaint  of  havoc  caused  in  respect  to  the  heavier 
kinds  of  rice  by  the  insect  '  Maho  '  or  '  Mahor  '  concerning  which 
you  have  already  made  some  inquiries.  The  Deputy  Commissioner 
does  not  think  that  the  damage  in  the  MungaU  Tahsil  has  in  any  village 
exceeded  four  annas,  but  I  am  not  quite  sure  about  this.  I  am  inclined 
to  think  that  in  some  villages  in  which  '  Mai  '  or  '  Garhuna  '  Dhan 
constituted  the  bulk  of  the  rice  sown  the  damage  may  have  arisen  to 
eight  annas,  or  in  some  cases  even  more.  A  loss  of  four  or  six  annas  in 
these  kinds  of  Dhan  will,  according  to  my  behef,  be  found  to  be  a 
matter  of  fairly  common  occurrence  even  in  the  Mungah  Tahsil.  The 
damage  done  in  the  Janjgir  Tahsil  is  said  to  be  greater  than  in  Mungah. 
There  is  complete  unanimity  of  opinion  that  this  pest  is  absolutely 
new  in  the  experience  of  the  Chhattisgarhi  cultivators.  Not  even  the 
oldest  inhabitant  has  seen  anything  hke  it  before " 

In  order  to  get  an  idea  of  the  damage  done  by  the  hoppers  in  one 
single  year  one  had  to  visit  the  localities  and  he  would  have  been  struck 
with  the  havoc  caused  by  the  leaf-hoppers.  Not  only  was  there  no  grain, 
but  the  fields  were  left  unharvested,  as  they  were  not  worth  doing  so. 
By  the  attack  of  the  hoppers  the  straw  had  become  insipid  and  rancid 
and  as  such  was  not  eaten  by  the  cattle  which  were  in  bad  conchtion. 
It  was  fortunate  that  the  pests  broke  out  in  a  mild  form  during  the 
following  year  (1915)  otherwise  the  condition  of  the  people  as  well  as  the 
cattle  would  have  been  very  miserable.  In  this  connection  Mr.  D. 
Clouston,  Deputy  Director  of  Agriculture,  Southern  and  Eastern  Circle, 
Central  Provinces,  wrote  on  the  16th  June  1915 : — 

"...      it  appears  to  me.  however,  that  in  the  event  of  the  pest 

doing  as  much  damage  as  it  did  last  year,  it  would  be  highly  advisable 
to  consider  whether  it  is  not  necessary  to  appoint  a  larger  entomological 
staff  for  the  pioneer  work.  Even  if  the  pest  should  fail  to  spread 
beyond  the  confines  of  Chhattisgarh,  we  still  have  in  that  Division  alone 
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nearly  three  million  acres  of  rice.  If  we  allow  only  10  per  cent,  of  the 
area  being  affected,  we  would  still  have  300,000  acres  to  deal  with." 

The  total  area  under  rice  in  the  Chhattisgarh  Division  of  the  Central 
Provinces  is  3,315,484  acres.  Calculating  a  loss  of  six  annas  in  the  rupee 
for  the  badly  infested  sub-divisions  during  1914,  the  total  loss  comes  to 
14  and  a  half  million  rupees  on  the  basis  of  548  lb.  cleaned  rice  per  acre 
at  Rs.  3-1-0,  the  wholesale  price.  This  enormous  loss  represents  the 
destructiveness  of  the  hoppers  for  one  season  only,  and  it  is  unthinkable 
what  the  loss  would  have  been,  had  the  pests  overrun  the  paddy  crop  for 
a  series  of  years.  This  also  brings  into  prominence  the  case  of  an 
insect  which  is  not  heard  of  as  a  pest  in  the  beginning,  suddenly  it  springs 
into  prominence,  does  considerable  damage  for  a  series  of  years  and 
again  sinks  into  insignificance.  The  causes  which  operated  specifically 
in  this  instance  are  not  well  understood  up  to  the  present,  and  the  details 
incorporated  regarding  the  life-history,  destructiveness,  alternative 
foodplants,  parasites,  predators,  and  preventive  and  remechal  measure, 
elsewhere  represent  two  years'  work  against  the  hoppers.  But  as  far  as 
is  known  the  parasites  and  predators  were  not  so  abundant  during  the 
seasons  when  the  hoppers  were  specially  abundant,  as  to  warrant  the 
conclusion  that  they  were  materially  effectual  in  the  destruction  and 
subsequent  disappearance  of  the  pests.  It  may  be  possible  that  in 
subsequent  years  1916-18  they  have  appeared  in  numbers  just  at  the  time 
when  the  hoppers  were  developing  and  thus  circumvented  their  increase. 
But  in  the  absence  of  definite  observations  or  data  to  substantiate  the 
above  conclusion,  nothing  definite  could  be  put  forward  to  explain 
satisfactorily  the  non-appearance  of  the  pests  during  the  years  1916-17 
and  1918.  That  the  climatic  conditions  play  no  mean  part  in  circum- 
venting or  diminishing  the  numbers  of  pests  requires  no  explanation, 
but  a  critical  study  of  the  meteorological  data  for  the  years  during  which 
the  pests  overran  the  paddy  crop  and  damaged  it  considerably  and  the 
subsequent  years  when  they  did  not  appear  in  numbers  does  not  yield 
sufficiently  convincing  facts  to  explain  the  abnormal  appearance  of  the 
pests. 

In  1915  the  hoppers  appeared  late  and  in  small  numbers  and  in 
consequence  no  serious  damage  was  done.  These  were  preceded  by 
an  unexpected  outbreak  of  Hieroglyphus  banian,  and  the  three  Delphacid 
leaf  hoppers  Sogata  pusana,  Dist.,  Sogafa  distincta,  Dist.,  and  Sogala 
pallescens,  Dist.  These  latter  were  mistaken  for  the  leaf-hoppers  and  the 
measures  recommended  in  the  previous  year  against  N.  bifunctatus  and 
N .  apicalis  were  promptly  put  in  operation,  with  the  result  that  no 
tangible  results  were  achieved.  It  was  no  wonder  that  the  recommenda- 
tions should  have  borne  no  fruit  as  the  two  pests  differ  profoundly  in 
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habits.  The  rice  leaf-hoppers  are  attracted  to  light  whilst  the  Delphacid 
leaf-hoppers  are  not.  The  Delphacid  leaf-hoppers  develop  fast  in  a 
damp  and  moist  atmosphere  whilst  the  rice  leaf-hoppers  require  hot 
sunny  days  to  reach  their  maximum  development.  The  Delphacid 
leaf-hoppers,  like  the  rice  leaf-hoppers,  lay  their  eggs  in  the  issues  of 
leaves.  The  nymphs  on  hatching  out  remain  on  the  leaves  sucking, 
the  juice  and  exuding  the  honey-dew  which  accumulates  on  the  lower 
leavft^.  The  nymphs  as  well  as  the  adults  aie  extrtmely  agile  and  with 
the  least  disturbance  jump  off  from  plant  to  plant.  With  the  break 
in  the  rains  in  the  middle  of  September  1915,  the  Delphacid  leaf-hopjers 
perished  in  hordes  and  were  largely  parasitized  by  a  Dryinid.  nnvu^e- 
rable  nymphs  of  the  Delphacid  leaf-hoppers  could  be  seen  with  dark- 
castaneous  to  blackish  ovoid  sacs  either  on  the  meso  and  meta-pleural 
regions  or  on  the  penultimate  segment  laterally.  When  parasitized  by 
the  Dryinid,  the  nymphs  became  sluggish  in  their  movements.  They 
were  then  to  be  seen  either  moving  about  awkwardly  on  the  leaves  or 
jumping  off  short  distances  only.  When  the  parasitic  grub  becomes  full- 
fed,  the  sac  containing  it  dehisces  longitudinally  and  a  whitish  legless 
Dryinid  grub  comes  out.  It  moves  about  a  httle  or  rests  on  the  spot  it 
came  out  of  the  sac  and  begins  spinning  a  thin  hammock-shaped  cocoon 
within  which  it  spins  another,  ovoid  in  shape  and  consisting  of  firmer 
texture  than  the  outer  one.  From  such  a  cocoon  the  adult  Dryinid  comes 
out  by  biting  a  circular  hole  with  its  strong  mandibles.  On  emergence 
the  adult  is  very  active  and  flits  about  the  fields  infested  by  the  Del- 
phacid leaf-hoppers.  In  fact  the  Drjdnid  was  responsible  for  the  destruc- 
tion of  a  large  number  of  Delphacid  leaf-hopper  n3^mphs.  The  nymph& 
seemed  to  be  the  special  victims  as  in  no  case  could  I  see  a  parasitized 
adiilt.  An  examination  of  a  large  number  of  paddy  fields  in  the  infested 
area  in  the  Bilaspur  District  of  the  Chhatti.'garh  Di%asion,  Central  Pro- 
vinces, showed  that  a  large  number  of  pupse  of  the  parasite  were  to  be 
seen  on  the  infested  plants.  With  the  disappearance  of  the  Delphacid 
leaf-hoppers  the  Diyinid  parasite  also  disappeared.  The  two  pests 
preceding  the  leaf-hoppers  were  destroyed  to  a  large  extent  by  the  use 
of  field  bags,  by  squirting  kerosine  in  the  infested  fields  and  drawing  a 
rope  across  the  fields  so  as  to  get  the  nymphs  as  well  as  adults  in  contact 
with  kerosine  on  the  water.  The  cultivators  also  bagged  their  fields 
with  (^Jioties  turned  into  temporary  bags,  previously  moistened  with  a 
little  kerosine. 

The    appearance    of    the    infested    fields. 
The  infested  fields  appeared  blighted.     In  the  year  when  the  leaf- 
hoppers  appeared  early,  when  the  paddy  plants  were  hardly  above  the 
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ground,  considerable  damage  was  done.  The  hoppers,  both  the  nymphs 
and  the  adult,  sucked  the  juice,  in  consequence  of  which  the  affected 
plants  turned  pale  brown,  then  brown  and  ultimately  withered  away. 
If,  however,  the  hoppers  appeared  at  a  time  when  the  plants  were  about 
to  put  forth  ears,  so  much  sap  was  drained  off  that  these  plants  were 
lowered  in  vitality  and  so  failed  to  put  forth  ears.  In  places  it  was  also 
found  that  if  the  appearance  of  the  hoppers  synchronized  with  the 
appearance  of  the  ears  on  the  plants,  there  was  no  grain  in  them  and  they 
appeared  puckered  or  prematurely  blasted.  It  was  found  that  in  loca- 
lities where  the  crop  had  attained  sufficient  matiu-ity  Httle  or  no  damage 
was  done.  It  was  also  noticed  that  the  early  ripening  varieties  of  paddy 
either  entirely  escaped  damage  or  were  damaged  to  a  very  small  extent. 
Late  ripening  and  transplanted  varieties  as  well  as  those  in  Gehumas 
lands  [lands  adjoining  villages  and  enriched  from  the  village  washings 
and  the  particular  habits  of  the  local  inhabitants]  were  the  worst  sufferers. 
The  reason  for  this  is  not  far  to  seek.  The  varieties  of  paddy  usually 
grown  in  Gehunras  lands  are  usually  late  varieties  and  as  such  remain 
green  and  succulent  at  the  time  of  the  appearance  of  the  hoppers.  It 
was  also  noticed  that  the  leaf-ho])pers  preferred  to  feed  on  these  than  the 
Harhum  [early  ripening]  varieties  growing  on  Bhata  lands  [undulating 
lands  with  laterite  nodules  in  process  of  disintegration].  In  some  places 
the  visitation  of  the  leaf-hoppers  on  rice  plants  was  associated  with  the 
reddening  of  the  water  of  the  infested  fields,  and  it  was  explained  that 
when  the  honey-dew  exuded  by  the  hoppers— both  nymphs  and  adults 
— came  in  contact  with  the  water  in  the  fields,  it  turned  red.  I  made  a 
search  for  such  fields  during  September-October  1915,  but  could  in  no 
way  associate  the  discolouration  of  the  infested  fields  with  the  honey- 
dew  exuded  by  the  insects.  In  fact  I  could  then  hardly  find  a  field  which 
had  turned  red  markedly.  All  that  I  could  see,  and  that  too  in  two  or 
three  instances  only,  was  that  the  water  in  the  infested  fields  had  turned 
sliglitly  red.  This  was  close  to  the  Bhaia  lands  and  I  could  not  associate 
the  discolouration  with  the  honey-dew  exuded  by  the  hoppers.  In  fields 
adjoining  fields  containing  discoloured  water  the  damage  was  just  the 
same  although  the  water  in  them  had  not  become  discoloured.  I  did  not, 
in  fact,  come  across  a  field  wherein  the  damage  was  more  than  others 
containing  normal  rainwater.  No  doubt  in  two  or  three  villages  in 
the  Bilaspiir  District  I  came  across  fields  where  Sclerotiuni  oryzce  was 
bad,  especially  in  Gurmatia  variety  of  paddy.  If,  however,  the  redness 
of  the  infested  fields  is  associated  with  a  fungoid  growth,  my  experience 
in  the  worst  infested  areas  deters  me  from  vouchsafing  for  the  correct- 
ness or  otherwise  of  the  plausible  explanation  offered  for  the  pecuhar 
phenomenon  observed  in  the  hopper-infested  areas. 
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Life-history.     (Plate  78.) 

On  the  ninth  to  tenth  day  after  maturity,  the  female  begins  to  lay 
eggs  in  the  tissues  of  the  sheathing  leaves.  At  times,  when  the  hoppers 
are  at  their  Vorst,  eggs  may  be  seen  laid  in  the  tissues  of  midribs  of  leaves 
as  well  as  in  the  edges.  But  such  cases  were  rather  the  exception  than 
the  rule.  In  working  out  the  hfe-hi  story  of  the  pests  at  Pusa,  I  found 
the  eggs  laid  invariably  in  the  edges  of  the  sheathing  leaves  to  stems. 
There  is  nothing  to  show  externally  the  place  or  places  where  the  eggs 
have  been  laid.  If,  however,  a  close  examination  is  made  of  the  spots 
"where  eggs  have  been  laid  with  a  hand  lens,  a  slight  swelhng  will  be 
apparent.  There  is  no  whitish  froth  or  any  whitish  cretaceous  hairs 
deposited  on  the  eggs  to  make  them  conspicuous  objects,  especially 
against  the  greenish  background  of  the  leaves.  The  female  when  about 
to  lay  eggs  approaches  the  edge  of  a  sheathing  leaf,  makes  a  longitudinal 
slit  with  her  strong  ovipositor  and  deposits  the  eggs  in  quick  succession. 
The  eggs  when  laid  freshly  are  pale-yellow  with  two  dull  red  spots.  The 
number  of  eggs  laid  varies  from  22  to  as  high  as  37.  In  a  specific  instance 
under  observation,  a  female  was  found  to  deposit  34  eggs  in  a  slit  9  mm. 
long. 

When  the  nymph  emerges  a  slit  opens  at  the  apex  represented  by  two 
deep  maroon-coloured  specks  and  the  head  is  thrust  out.  The  nymph 
then  squirms  from  side  to  side  until  it  is  clear  out  of  the  egg-shell.  It 
then  presents  a  shiny  appearance  and  is  enveloped  in  a  thin  membrane 
which  on  exposure  ruptures  allowing  the  nymph  to  move  ^bout,  leaving 
the  amnion  attached  to  tlie  apex  of  the  empty  egg-shell  as  a  thin  crumpled 
pellicle.  The  eggs  were  found  parasitized  by  a  small,  pale  yellow  Chal- 
cidid.  The  parasitized  eggs  turn  black  and  the  adult  Chalcidid  emerges 
after  making  a  clean,  circular  hole  in  the  egg-shell.  After  the  emergence 
of  the  parasites,  the  empty  parasitized  egg-shells  appear  deep,  fuscous 
brown  with  their  apices  black.  The  number  of  parasitized  eggs  was  not 
large,  and  the  parasite  could  in  no  sense  be  reckoned  as  an  effective 
check  to  the  development  of  the  hoppers. 

The  nymph  on  coming  out  of  the  egg-shell  is  active  and  after  only  a 
few  seconds  begins  to  move  about  on  the  leaf.  After  moving  up  and  down 
the  leaf  for  a  few  minutes  it  soon  selects  a  spot  where  it  fixes  itself,  and 
begins  to  suck  the  juice.  It  then  exudes  the  honey-dew  which  falls  on 
the  lower  leaves  and  accunmlates  there.  The  nymphs  are  very  active 
and  jump  off  \vith  the  least  disturbance.  During  the  hottest  part  of 
the  day  they  may  be  seen  clustered  together  in  enormous  numbers  below 
leaves.  If,  therefore,  an  infested  leaf  be  held  up  to  the  hght,  it  will  be 
found  to  contain  a  number  of  punctures  representing  the  spots  where  the 
nymphs  and  the  adults  had  thrust  their  rostra  to  suck  the  sap   which 


EXPLANATION  OF  PLATE  78. 

Fig.  1.  Rico  plant  witli  young  and  .adult  hnjipcrs  (ji 

Fig.  2.  Eggs  in  a  shcathing-lcaf  of  a  iilaut  x  14. 

Fig.  3.  An  egg  (Tnuch  enlarged). 

Fig.  4.  Nymph,  1st  instar  x72 

Fig.  5.  Male  hopper   x  15. 

Fig.  6.  Female  hopper  x  15. 


PLATE  78. 


NEPHOTETTIX  BIPUNCTATUS. 
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should  have  gone  ordinarily  to  the  maturing  of  the  plant.  In  the  case 
of  the  worst  infested  fields  as  many  as  167  adults  and  nymphs  were  found 
to  feed  on  a  single  leaf.  Unlike  the  adults,  the  nymphs  are  not  attracted 
to  the  light. 

The  nymphs  before  maturing  into  adults  pass  through  five  moults. 
At  the  time  of  moulting  the  rostrum  is  so  firmly  embedded  in  the  tissues 
of  the  leaves  or  the  stems,  that  if  the  exuvia  are  lifted  with  a  teaser, 
the.  rostral  setae  break  off  and  remain  embedded  in  the  tissues.  After 
passing  through  five  moults  the  adults  appear  on  the  leaves  and  are 
then  represented  by  two  species.  The  characteristic  differences  between 
the  two  species  are  : — 

NepJiotettix  bipunctatus,  Fabr.  {Fauna  of  British  India,  RhyncJiofa, 
Vol.  IV,  p.  359,  fig.  228).  Yellowish  brown,  shining,  smooth,  face  (except 
the  lateral  margins)  and  a  spot  on  each  side  of  clypeus  black  ;  tegmina 
with  a  spot  before  the  middle  and  the  apical  two-fifths  black  ;  lateral 
spots  to  sternum  and  abdomen  black.  The  female  is  usually  without 
the  discal  black  spot  to  the  tegmina  and  with  the  face  as  described  for 
the  varietal  male. 

Nephoteltix  apicalis,  Motsch.  {Fauna  of  British  India,  Rhynchota, 
Vol.  IV,  pp.  360-361,  fig.  229).  Yellowish  virescent,  smooth,  shining; 
face,  anterior  siibimpressed  transverse  line  on  vertex  between  anterior 
margins  of  eyes,  anterior  margin  of  pronotum,  scutellar  and  commissural 
margins  of  clavus,  a  spot  before  the  middle  extending  to  the  claval 
suture  and  there  acutely  produced  hindward,  apical  third  of  tegmina, 
sternum,  abdomen,  greater  part  of  the  femora,  anterior  tibise  and  the 
tarsi  black  ;  the  posterior  tibise  at  the  bases  of  the  spinules  spotted  with 
black  ;  ventral  incisures  flavescent. 

N.  apicalis  is  closely  alHed  to  N.  bipunctatus,  but  differs  in  having 
the  head  shorter  and  more  obtuse,  anteriorly  obtusely  rounded  and  by 
the  marking  of  same.  Head  as  broad  as  pronotum,  but  somewhat 
shorter,  vertex  a  little  longer  in  the  middle  than  at  the  eyes,  scarcely 
twice  as  broad  between  eyes  as  long,  anteriorly  within  the  margin  trans- 
versely impressed. 

In  plain  language,  the  females  in  both  the  species  are  unspotted. 
They  are  pale  green  in  colour,  with  a  strong,  brownish  ovipositor  with 
which  they  laterate  the  tissues  of  the  leaves  and  deposit  the  eggs.  The 
males  in  both  the  species  are  black,  one  has  two  black  prominent  spots 
on  the  wings,  in  the  other  there  are  two  oblique  black  lines.  There  is 
very  little  difference  between  the  females  of  both  the  species.  The  adults, 
both  males  and  females,  remain  on  the  lower  surface  of  leaves  mostly 
near  the  midribs  sucking  the  juice  during  the  hottest  part  of  the  day. 
At  dusk  they  become  active  and  fly  from  plant  to  plant.     While  feeding 
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they  exude  a  clear,  thin  hquid — the  honey-dew — which,  falling  on  the 
leaves  below,  makes  them  very  sticky.  The  adults  of  both  the  species 
exhibit  a  strong  predilection  for  light. 

Of  the  two  species,  NepJwtettix  bipunctatus  was  the  most  predomi- 
nant, and  the  observations  regarding  life-history,  etc..  recorded  hereia 
relate  mostly  to  N.  bipunctatus. 

Life- cycle. 
During  September  and  October  1916,  a  hfe-cycle  was  found  to  occupy 
from  17  to  25  days.  The  egg  stage  lasts  from  4  to  6  days,  and  the  nym- 
phal  stages  were  found  to  last  for  13,  17,  19  and  21  days.  In  a  specific 
case  under  observation  it  was  found  that  a  female  which  matured  on  the 
12th  October  1916,  began  laying  eggs  on  the  21st  of  the  same  month. 

Hibernation. 
From  a  record  extending  over  sixteen  months  at  Pusa,  it  was  found 
that  the  hoppers  hibernated  during  the  winter  in  the  adult  stage.  This 
was  found  to  be  case  at  Pusa,  where  the  climatic  and  other  conditions 
are  so  dissimilar  to  those  prevailing  in  the  rice  tract  of  the  Chhattisgarh 
Division  of  the  Central  Provinces,  that  some  time  was  devoted  to  finding 
out  the  stage  in  which  the  adults  of  the  two  species  hibernated  during 
the  winter.  The  observations  made  there  corroborated  the  observations 
made  at  Pusa  and  it  was  found  that  the  adults  hibernated  in  a  number  of 
green  succulent  grasses  in  dry  pond  or  river  beds  or  in  such  other  2:)laces 
where  moisture  was  available  for  the  grasses  to  exist.  A  few  adults 
were  also  found  in  long  grasses  on  field  embankments  and  road  sides. 
But  the  number  of  adults  collected  was  not  very  large. 

Distribution. 

The  two  species  of  hoppers  have  been  recorded  by  Mr.  Distant  in  the 
Fauna  of  British  India,  Vol.  IV,  pp.  359-362  from  Calcutta,  Pusa,  Eanchi, 
Saraghat,  Dacca,  Ceylon,  Borneo,  Sumatra,  Philippine.s,  East  Africa, 
Natal  and  Durban.  Dr.  Matsumura  has  recorded  N.  apicalis  to  occur  in 
China,  Japan,  Malaya,  and  Europe.  In  the  Pusa  collection  there  are 
specimens  from  Balasore,  Chapra,  Pusa,  Kaukey  Farm  (Rauchi),  Sam- 
bhalpur,  Raipur,  Sakti,  Janjgir,  Drug,  Sindewahi,  Coimbatore,  and 
Chanphai  in  the  Lushai  Hills. 

Though  the  above  record  is  fairly  extensive,  the  hoppers  have  been 
reported  as  serious  pests  to  rice  plants  from  Chanphai  in  the  Lushai 
Hills  and  a  tract  of  country  which  may  be  said  roughly  to  extend  from 
Balasore  in  the  East  to  the  borders  of  the  Raipur  District  in  the  Central 
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Provinces  in  the  West.  Elsewhere  the  hoppers  are  found  more  or  less 
but  not  in  such  large  numbers  as  to  be  considered  as  pests.  In  towns 
such  as  Calcutta,  the  hoppers  are  known  as  green-flies  which  swarm  in 
millions  around  arc  lamps  in  the  streets  and  in  private  residences.  But 
they  have  not  been  reported  as  yet  as  serious  pests  to  rice.  The  question 
is  well  worth  studying  and  I  am  sure  further  study  of  such  abstruse  and 
obscure  points  connected  with  the  life-history,  habits  and  seasonal 
variations  of  the  pests  will  afford  material  which  will  lead  to  the  adoption 
of  such  measures,  both  preventive  and  remedial,  as  would  prevent  them 
effectively  from  laying  a  heavy  toll  on  the  country's  produce  and  these- 
by  denying  the  patient  and  sturdy  cultivator  the  fruits  of  his  labour. 

Alternative  food-plants. 
Hitherto  the  hoppers  have  been  found  exclusively  on  green  succu- 
lent grasses  growing  in  damp  places  in  pond  and  river  beds  as  well  as 
on  grasses  growing  on  field  embankments  in  suitable  localities.  They 
have  also  been  found  to  some  extent  on  millets,  especially  Kodon 
{Setaria  italica).  Besides  these,  I  am  unacquainted  with  any  other 
foodplant  on  which  the  hopj)ers  are  found  to  live  and  to  breed. 

Local  names  of  the  pests. 
In  the  Chhattisgarh  Division  of  the  Central  Provinces  the  hoppers 
are  known  under  the  common  name  of  "  Maho  "  or  "  Mahor  "  but 
preferably  the  former.  The  local  word  conveys  an  idea  of  the  bhght 
caused  by  the  insects.  Some  cultivators  nicknamed  the  hoppers  as 
"  J/«//o  "on  account  of  the  honey-dew  exuded  by  them,  whichmadethe 
leaves  of  the  infested  plants  sticky.  In  the  adjoining  Oriya  district  of 
Sambhalpiir  in  Bihar  and  Orissa  the  pests  are  known  as  '  Daoni,'  '  Ghung- 
hutti  '  or  '  Dhana.'  In  the  Balasore  District  they  are  known  as '  Jhatkas.' 
The  Lushais  call  them  the  '  KumtJiu.'  Besides  these,  other  minor  local 
names  for  the  hoppers  were  a  legion  in  the  Chhatisgarh  Division  but 
that  most  in  common  and  familiar  use  was  "  Maho." 

Other  insects  associated  with  the  leaf-hoppers. 
During  1915,  prior  to  the  appearance  of  the  leaf-hoppers,  Hieroglyphus 
banian  and  Sogata  spp.  appeared  in  enormous  swarms  in  the  Central 
Provinces  and  damaged  the  paddy  crop  considerably.  Later  on  when 
the  hoppers  appeared  the  following  insects  were  also  found  in  numbers 
in  the  infested  fields  : — 

(1)  Athysanus  indicus,  Dist. 

(2)  Athysanus  fusconervosus,  Motsch. 
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(3)  Thmnsoniella  albomaculata,  Dist. 

(4)  Tettigoniella  spectra,  Dist. 

(5)  Kolla  sp.  near  mimica. 

(6)  Selenocephahis  virescens,  Dist. 

(7)  Paramesus   lineaticollis,  Dist. 

(8)  Cloviapuncta,  Walk. 

In  Ciittack  and  Balasore  Districts  in  Bihar  and  Orissa,Pac/i?/(J!fjjZosis 
oryzce  occurred  simultaneously  with  the  hoppers  and  did  considerable 
damage. 

Besides  these,  Schamobius  bipundifer,  CnapJialocwcis  medinalis  and 
Cliapra  mathias  were  also  found  more  or  less  in  the  fields  infested  by  the 
hoppers. 

Preventive  and  remedial  measures. 
A  number  of  measures  were  tried  during  1914  and  1915  and  of  these 
the  following  appear  worth  adopting  in  cases  of  future  outbreaks  of  the 
pests.  It  was  also  found  that  the  measures  adopted  met  with  varying 
success  depending  very  much  upon  the  particular  proclivities  of  the  people 
and  the  local  conditions  prevailing  in  a  particular  tract  in  the  infested 
area.  In  some  places,  oil  for  the  lamps  was  available  and  people  were 
willing  to  set  up  lantern  traps,  in  others  people  readily  took  to  bagging 
the  hoppers.  In  some  places  the  local  cultivators,  profiting  by  their 
previous  experience,  had  put  down  a  greater  portion  of  the  area  culti- 
vated by  them  under  early  maturing  varieties,  thereby  getting  a  crop 
whereby  to  maintain  themselves  as  well  as  their  cattle.  In  fact,  some 
such  innovation  in  local  methods  of  cultivation  was  seriously  mooted  by 
us  in  case  the  pests  ran  their  course  for  a  series  of  years.  But  fortunately 
for  the  raiyats  the  pests  appeared  for  two  years  only  and  have  not  been 
reported  as  yet  from  any  rice-growing  tract  in  the  Central  Provinces 
since  1916. 

1.  As  far  as  possible  the  cultivators  should  be  impressed  with  the 
necessity  of  ploughing  up  their  fields  after  the  crop  has  been  harvested 
and  thereafter  to  allow  the  cattle  to  graze  freely  in  the  cultivated  areas. 

2.  If  there  have  been  good  rains  durmg  March- April,  and  the  rainfall 
is  not  heavy  during  July- August,  with  a  considerable  break  in  the  rains 
in  the  latter  part  of  August  and  early  September  with  a  spell  of  hot  sunny 
days,  the  nurseries  as  well  as  places  containing  green  grasses  should  be 
bagged  either  with  hand-nets  or  dhoties  turned  into  bags  and  lightly 
sprinkled  with  kerosine  oil. 

3.  Considerable  pioneer  work  remains  yet  to  be  done,  but  if  from 
data  collected  in  the  areas  affected  last  it  is  found  that  the  number  of 
hoppers  is  larger  than  in  normal  years,  systematic  bagging  is  to  be 
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started.  No  doubt,  the  measure  is  not  much  appreciated  by  the  local 
people  who  are  either  loath  to  buy  the  cloth  required  for  the  bags  or 
are  unable  to  contribute  labour  necessary  to  work  the  bags.  But  in 
the  long  run,  if  the  unexpected  happens,  it  is  possible  that  they  will  take 
to  the  measure  to  escape  the  loss  caused  by  the  hoppers. 

4.  To  set  up  light-traps  during  July-August  when  there  are  only 
a  few  hoppers  and  again  at  the  end  of  September  when  they  reach  their 
maximum  developments.  The  local  people  do  not  like  the  idea  of  going 
to  their  fields  at  night  and  putting  up  the  lanterns.  They  are  mortally 
afraid  of  vermin  which  in  some  parts  are  very  common.  But  the  appoint- 
ment of  a  few  specially  trained  men  to  take  charge  of  two  or  three  villages 
at  a  time  was  found  to  work  well,  and  the  local  cultivators  were  willing 
to  pay  for  the  extra  cost  of  maintaining  a  Kamdar. 


17.— COTTON  BOLLWORMS  IN  INDIA. 

By  T.  Bainbrigge  Fletcher,  R.N.,  F.L.S.,  F.E.S.,  F.Z.S.,  Imperial 
Entomologist,  and  C.  S.  Mlsea,  B.A.,  First  Assistant  to  the  Imperial 
Entomologist. 

The  name  "  Bollworm  "  is  appKed  in  India  to  two  distinct  groups 
of  moths  whose  larvae  bore  into  cotton-bolls.  Firstly  it  covers  two 
Noctuid  moths  of  the  genus  Earias,  E.  fahia  and  E.  insulana,  and 
secondly  it  includes  the  Gelechiad,  Platyedra  (Gelechia)  gossypiella,  com- 
monly called  the  "  Pink  Bollworm  "  on  account  of  the  salmon-pink 
colour  of  the  larva  in  its  later  stages.  These  Bollworms,  and  especially 
the  two  species  of  Earias,  have  been  under  close  observation  at  Pusa 
for  many  years  past  and  in  this  paper  we  propose  to  record  a  few  of  the 
conclusions  at  which  we  have  arrived,  without  going  into  full  details 
on  every  point. 

Prior  to  1903,  Bollworms  were  known-  to  affect  cotton,  but  they 
were  not  considered  so  serious  as  is  now  realized  to  be  the  case.  It  was 
in  1905,  with  the  failure  of  the  cotton  crop  in  the  Punjab  and  in  1906  in 
Sind,  that  they  (and  E.  insulana  in  particular)  came  into  prominence. 
In  1905,  a  very  serious  cold  snap  occurred  during  the  winter  in  the 
Punjab,  and  it  was  presumed  that  the  parasites  which  normally  kept 
the  boUwoims  in  check  had  been  affected  adversely,  the  result  being  a 
failure  of  the  crop  over  a  greater  part  of  the  Province.  In  1911  also  the 
loss  to  cotton  in  the  Punjab  was  much  greater  than  in  normal  joars. 
Since  1911  there  has  been  no  serious  outbreak  but  it  is  certain  that  the 
total  loss  brought  about  by  these  insects  annually  is  very  great.     The 
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Punjab  is  of  course  by  no  means  the  only,  or  even  the  largest,  cotton- 
growing  Province  within  the  Indian  Empire,  the  total  area  under  cotton 
in  the  various  provinces  of  India  in  1917-18*  being  : — 


Province 

Area  (acres) 

Yield  (bales 

of  400  lb. 

each) 

Bombay 

8,227,000 

1,571,000 

Central  Provinces  and  Berar 

4,582,000 

591,000 

Hyderabad  State 

3,451,000 

450,000 

Punjab 

1,799,000 

271,000 

United  Provinces 

1,316,000 

198,000 

Central  India  States 

1,454,000 

110,000 

Rajputana 435,000 

Sind 245,000 


54,000 
67,000 
54,000 
22,000 
17,000 
10,000 
19,000 
14,000 
12,000 


4,035,000 


In  all  these  areas  Bollworms  (usually  all  the  three  species)  occur  and 
levy  an  annual  toll  on  the  cotton-crop  which  in  normal  years  may  be 
estimated  at  anything  betweeji  twenty  and  fifty  millions  of  rupees. 
The  damage  done  b)^  the  Bollworms  is  very  insidious  and  the  ordinary 
cultivator,  although  he  is  aware  that  damage  is  being  done,  is  unable 
to  calculate  the  loss,  and  this  accounts  for  the  way  he  puts  up  with  the 
loss  patiently  from  year  to  year.  In  the  case  of  a  leaf-eating  insect  he 
sees  the  leaves  and  shoots  of  the  plants  being  devoured  and  he  at  once 


*  Estimates  of  Area  ani  Yield  of  Pri. 
of  Statistics,  N  >.  766;  1918). 


ipal  Crops  in,    India,    1917-lS    (Department 


I'BOCEEDINGS    OF    THE   THIRD    ENTOMOLOGICAL    MEETIXG  445 

adopts  such  measures  as  lessen  the  incidence  of  the  pest  or  reports  the 
matter  to  a  Revenue  authority  or  a  member  of  the  Agricultural  Depart- 
ment to  secure  some  relief.  In  the  case  of  Bollworms,  the  damage 
done  by  them  is  felt  either  at  the  time  of  picking  cotton  or  after  the  crop 
has  been  picked.  It  is  then  that  the  shortage  of  outturn  is  ascribed  to 
the  Bollworms. 

The  distribution  in  India  of  the  two  species  of  Earias  is  very  charac- 
teristic. In  the  Punjab  and  Bombay  Earias  insulana  preponderates 
■over  Earias  fabia,  which  outnumbers  the  former  in  Bihar  and  Orissa, 
Bengal,  Madras  and  the  Central  Provinces.  This  statement  is  made 
under  reserve  and  is  liable  to  change  with  a  fuller  inquiry  into  the  status 
of  the  pests  in  all  the  important  cotton-growing  tracts  in  India.  At 
Pusa,  Earias  fabia  is  by  far  the  commoner  species,  Earias  insulana 
being  found  more  in  Abutilon  indicum  than  in  cotton.  In  the  United 
Provinces  E.  fabia  is  found  in  greater  numbers  than  E.  insulana  although 
the  real  pest  to  cotton  in  these  Provinces  is  Pkityedra  (Gelechia) 
■gossypiella.  In  the  North- West  Frontier  Province  it  is  the  Pink 
bollworm  which  does  more  damage  to  cotton  than  Earias  insulana. 
In  April  1913,  Mr.  Robertson-Brown,  Agricultural  Officer,  North-West 
Frontier  Province,  wrote  as  follows : — 

"  In  the  North- West  Frontier  Province  we  find  that  the  Pink  Boll- 
worm  [Gelechia  gossypiella)  is  very  much  more  common 
than  Earias  insulana.  In  fact  we  rarely  find  the  larvae  of 
the  latter  in  cotton-bolls.  On  the  other  hand,  I  have  caught 
quite  twenty  green  moths  of  Earias  insulana  flitting  around 
my  dining-room  lamp  during  winter.  We  also  find  that  the 
larvse  of  Pink  Bollworm  are  found  in  greater  mimbers  in 
kapas  when  hand-ginning  is  being  done  in  the  villages.  We 
were  of  opinion  that  the  Pink  Bollworm  was  not  so  common 
as  Earias  insulana.  Will  you  very  kindly  say  if  Gelechia 
is  more  common  than  Earias  in  any  other  part  of  India  ? 
Mr.  Lefroy  records  that  the  Pink  Bollworm  hibernates  chiefly 
as  a  larva  and  that  Earias  hibernates  more  commonly  as  a 
pupa  and  moth.  That  being  so,  it  appears  to  us  that  the 
Pink  Bollworm  would  be  more  easily  checked  than  Earias. 
In  1910  we  had  a  quarter  of  an  acre  of  very  perfect  and 
heavily,  fruited  bhindi  as  a  trap-crop  for  bollworm,  but  we 
did  not  trap  very  many  larvae.  Now  that  we  have  found 
that  the  Pink  Bollworm  is  our  commonest  pest,  it  is  under- 
stood why  the  bhindi  was  not  much  affected,  as  Mr.  Lefroy 
says  Pink  Bollworm  does  not  affect  the  crops  alhed  to  cotton 
"  (vide  letter  No.  665,  dated  the  22nd  April  1913). 
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Subsequent  to  this,  Mr.  Safdar  Shah,  L.Ag.,  Entomological  Assist- 
ant, North-West  Frontier  Province,  wrote  : — "  In  either  case  Rhogas 
lefroyi  has  been  found  to  parasitize  Gelechia  as  well  as  Earias.  It 
appears  that  in  the  early  part  of  the  cotton  season  Earias  is  commoa 

with  us,  whilst   in    the    latter    part    Gelechia "     This   experience 

accords  with  ours  at  Pusa,  where  the  bollworms  E.  jabia  and  E. 
insulana  are  present  in  larger  numbers  than  Phityedra  gossypielln  in  the 
beginning  of  the  cotton  season  from  July  to  November,  after  which  the 
Pink  worm  is  more  in  evidence  and  does  most  damage.  Besides,  in 
India,  in  places  where  cotton  is  introduced  for  the  first  time,  it  becomes 
heavily  infested  by  the  bollworms.  In  May  1909,  Mr.  E.  E.  Green, 
Government  Entomologist,  Ceylon,  wrote  : — "  We  have  recently,  for 
the  first  time,  grown  some  plants  of  cotton,  on  our  Peradeniya  ex- 
perimental station.  No  other  cotton  is  or  has  been  cultivated  in  the 
place,  yet  the  very  first  crop  has  been  completely  ruined  by  the  Pink 
bollworm  (Gelechia  gossyjnella) ....     I  have  examined  allied  malvaceous- 

plants  (e.g.,  H.  abehnoschus)  but  have  found  no  trace  of  infestation " 

A  similar  stage  of  affairs  arose  in  Burma  when  cotton  was  growqi  there 
for  the  first  time,  as  Mr.  F.  G.  Sly,  Officiating  Inspector-General  of 
Agriculture,  wrote  from  Burma  on  the  22nd  February  1905  : — "  The 
cotton  had  grown  fairly  well — a  good  show  of  plant,  but  nearly  all 
the  bolls  were  destroyed.  It  flowered  freely,  formed  many  bolls,  but- 
quite  75  per  cent,  of  the  bolls  were  destroyed.  I  presume  that  this 
is  bollworm  ';" 

In  the  United  Provinces  P.  gossypieUa  has  come  to  be  recognized  as 
the  most  serious  pest  to  cotton  and  the  Pusa  experience  warrants  the 
same  conclusion.  In  the  beginning  Earias  Jabia  was  thought  to  be  res- 
ponsible primarily  for  the  loss  to  cotton  suffered  every  year.  But  subse- 
quent work  in  connection  with  Bollworms  has  brought  out  the  fact 
prominently  that  it  is  the  Pink  Bollworm  which  does  the  greatest  amount 
of  damage.  One  fact  that  has  been  brought  out  ver}-  prominently  by 
the  investigations  for  .lie  past  seven  years  is,  that  the  Pink  Bollworm 
is  not  so  susceptible  to  the  attack  of  parasites  as  are  E.  Jabia  and  E. 
insiilana,  although  a  Microbracon  (?  M.  lefroyi)  has  been  found  parasi- 
tizing Pink  Bollworms  both  in  cotton  and  in  its  alternative  food-plant 
Hibiscus  abelmoschus,  which  has  proved  with  us  a  very  useful  trap- 
crop  for  Earias.  but  we  have  never  found  any  Chalcididce  parasitic 
on  the  eggs,  worms  or  cocoons  of  P.  gossypieUa,  and  this  experience 

is  corroborated  by  that  Mr.  E.  E.  Green  in  Ceylon,  who  wrote — " I 

have  been  keeping  this  insect  under  observation  for  many  months,  and 

have  not  yet  raised  a  single  parasite  from  it "  (in  litt.,  4th  November 

1909).     Last  year   (1918),  however,  Bethylid  parasites  (Plate  79)  were 
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obtained  from  Pink  Bollworms  in  cotton-seed  obtained  from  tbe  cotton 
seed  stores  at  Nawabganj  (Cawnpur)  in  July  1918.  The  seed  was  kept 
for  observation  in  a  dish  and  was  frequently  examined.  Between 
July  and  October  only  three  Bethylid  parasites  were  obtained  and  no 
other  parasites.  The  seed  was  then  cut  up  and  examined  and  was 
found  to  contain  no  other  insect  excepting  the  Pink  Bollworms.  On  a 
former  occasion  in  1915  a  parasite  was  sent  by  the  Entomological 
Assistant,  United  Provinces,  Cawnpur  {ride  I.  R.  No.  893  ;  4th  January 
1915)  and  this  was  similar  to  the  three  parasites  bred  last  year  from 
cotton-seed  obtained  from  the  same  locahty.  This  lends  colour  to 
the  supposition  that  the  Bethylid  parasite  bred  last  year  was  actually 
parasitic  on  the  Pink  Bollworm.  But  as  far  as  Pusa  is  concerned,  we 
have  not  been  able  to  obtain  any  Bethylid  or  Chalcidid  parasite  either 
on  the  eggs,  worms  or  the  pupae  of  the  Pink  Bollworms.  [Since  this 
paper  was  read,  one  of  us  (T.  B.  F.)  has  obtained  at  Coimbatore  a 
Braconid  which  is  apparently  parasitic  on  P.  gossypiella.] 

With  the  failm'e  of  the  cotton  crop  in  the  Punjab,  cotton  was  grown 
at  Pusa  to  make  observations  on  the  cotton  pests,  especially  for  the  use 
of  the  post-graduate  students  under  training.  From  1906  until  1911, 
the  varieties  of  cotton  were  mostly  utilized  for  the  despatch  of  parasites 
to  the  Punjab  whenever  required.  It  was  in  the  year  19l:i  that  regular 
sowings  of  cotton  were  made  and  detailed  observations  started  regarding 
the  bollworms  E.  fabia  and  E.  insulana,  as  well  as  Platyedra  gossypiella. 
Since  then,  attempts  have  been  made  to  gather  information  to  elucidate 
the  following  points  : — 

(a)  The  Hfe-history  of  the  Bollworms. 

(b)  Alternative  food  plants. 

(c)  Distribution  of  the  Bollworms  throughout  the  year, 

(d)  Parasites,  the  extent  to  which  these   are   efiectual  in  keeping 

the  bollworms  in  check,  and  the  life-history  of  Microbracon 
lefroyi. 

(e)  To  find  the  alternative   hosts  of  Microbracon   lefroyi  so  as  to 

breed  them  when  they  were  not  found  on  Farias,  and  to 
facilitate  collection  and  despatch  of  them  whenever  they 
are  required  in  any  Province  to  restore  or  preserve  the 
balance  between  the  Bollworms  and  this  parasite. 

(/)  The  effect  of  mixed  cropping  on  the  incidence  of  Bollworms. 

(g)  The  effect  of  cultural  methods,  i.e.,  thick  and  thin  sowing,  on 
the  presence  of  the  Bollworms. 
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(Ji)  Besides  the  trap-crops  and  the  introduction  of  parasites,  trial 
of  meclianical  measures  which  may  be  effective  in  reducing 
the  affection  of  cotton  by  Bollworms. 

(k^  The  relative  immunity  of  varieties  of  cotton  recommended  for 
adoption  in  the  Provinces. 


(a)  The   Life-history   of   the   Bollworms. 

The  two  species  of  Earias,  E.  fahia  and  E.  insulana,  occur  at  Pusa 
along  with  Plalyedra  gossypiella  and  Earias' cupreoviri(hs  (chromataria), 
Avhich  last  has  not  hitherto  been  found  in  cotton,  although  it  is  found  in 
Hibiscus  ahelmoschus  along  with  the  two  other  species  of  Earias.  In 
Pusa  the  number  of  Earias  fabia  is  much  larger  than  Earias  insulana, 
which  is  found  more  in  Hibiscus  abehhoschus  and  Abutilon  indicum. 
The  adults  are  active  at  dusk  and  night  and  have  been  especially  noticed 
to  flit  in  numbers  about  the  fields  at  dusk.  During  the  daytime  they 
remain  in  hiding  below  plants,  under  fallen  leaves  or  other  weeds  in  the 
fields.  The  adults  are  attracted  to  strong  light  and  are  occasionally 
found  to  come  to  light  within  houses.  But  the  number  so  attracted  is 
not  large  and  experiments  made  to  attract  them  to  light  have  not  been 
successful.  It  is  possible  that  the  light  put  up  was  not  sufficiently 
strong  to  attract  them.  What  we  used  was  the  ordinary  hurricane 
lamp  (Junior  Dietz)  hung  over  a  pan  containing  water  with  a  film  of 
kerosine.  Occasionally  an  acetylene  (Meduse)  lamp-trap  has  also  been 
used,  but  no  moths  were  trapped  in  it.  ' 

The  adult  female  becomes  active  after  dusk  and  lays  eggs  on  the 
flowers  and  leaf-buds,  tender  top-leaves,  capsules  and  flowers  and  their 
bracts.  The  eggs  have  not  been  seen  laid  on  old  toughened  or  seared 
leaves.  At  times  the  eggs  are  seen  laid  in  the  axils  of  leaves  but  this  is 
rare.  The  larva  on  hatching  moves  about  and  bores  into  the  buds, 
bolls  or  the  top-shoots.  At  Pusa  the  larvae  as  well  as  the  adults  are 
present  throughout  the  year  and,  practically  speaking,  there  is  no  hiber- 
nation, although  activity  is  considerably  restricted  during  the  winter 
months — December,  January  dnd  the  first  half  of  February.  When 
the  temperature  rises  the  moths  begin  laying  eggs  either  on  cotton,  if 
any  is  available,  or  on  other  malvaceous  food-plants  available  in  the 
locality.  The  larva  bores  into  the  shoots,  flowers  and  buds  and  the 
characteristic  appearance  of  the  withered  shoots  is  very  prominent. 
In  Bihar  as  well  as  in  the  United  Provinces,  the  winter  vegetables  are  off 
the  ground  arid  are  generally  replaced  with  Hibiscus  escidentus,  gourds, 
etc.  The  bollworm  moths  have,  therefore,  no  difficulty  in  finding 
their  alternative  food-plant,  hhindi,  and  breeding  in  this.     In  Sind  they 
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iiave  been  found  breeding  in  ratoon  plants  which  were  growing  indivi- 
dually on  the  outskirts  of  villages  or  in  quite  out-of-the-way  places. 
If  food-plants  are  available  the  bollworms  develop  in  these  in  sufficient 
numbers  and  attack  the  crop  when  the  plants  are  grown  up  in  the  fields. 
During  July  and  August  a  large  number  of  plants  are  affected  and  these 
have  their  fops  blanched  or  withered.  The  tops  of  affected  plants,  if 
allowed  to  remain  on  the  plants,  soon  tiller  into  fresh  shoots  which  in 
turn  are  again  affected  by  the  bollworms.  In  such  cases  the  growth  of 
the  plant  is  retarded  considerably  and  it  fails  to  put  forth  the  normal 
number  of  bolls.  Such  plants  present  quite  a  characteristic  appearance 
in  the  fields  and  can  soon  be  spotted.  If,  however,  at  this  stage  such 
plants  be  pulled  out  and,  instead  of  being  thrown  away  on  the  field 
embankment  to  allow  the  worms  to  breed  and  thereafter  to  emerge  as 
adult  moths  to  lay  eggs  again,  they  be  burned,  considerable  good  will  be 
done.  In  all  the  important  cotton-growing  tracts  in  India  where  the 
cultivation  is  done  intelligently,  every  cultivator  after  sowing  the  seed 
in  lines,  thins  out  the  plants  a  foot  to  a  foot  and  a  half  apart  when  they 
are  from  a  foot  to  a  foot  and  a  half  high.  In  such  tracts  this  practice 
forms  a  regular  part  of  the  cultivation.  If,  however,  the  cultivator 
could  be  induced,  or  rather  educated,  to  the  extreme  necessity  of  pulling 
out  such  plants  first  as  show  signs  of  withering,  considerable  good  would 
be  done.  After  the  withered  plants  have  been  removed,  he  could  then 
s]iace  out  the  rest  to  '  a  distance  of  a  foot  or  a  foot  and  a  half,  as  the 
practice  may  be  locally.  To  do  this  still  more  effectively  and  without 
detriment  to  his  interests,  it  would  be  advisable  to  use  a  larger  s§ed- 
rate  than  is  in  use  at  present  and,  as  the  cost  of  seed  is  not  much,  it  is 
expected  that  the  cultivator  will  not  be  a  loser  by  a  small  initial  extra 
outlay  in  the  seed.  This  extra  cost  will  however  be  recouped  later  on 
by  the  extra  produce  obtained  from  the  fields.  If  this  practice  can  be 
brought  home  to  the  cultivators  much  good  is  likely  to  accrue  and  the 
baneful  effects  of  the  attacks  of  the  Bollworms,  if  not  totally  reduced, 
will  be  greatly  minimized.  This  measure  has  appealed  to  us  most  after 
seven  years'  work  with  the  Cotton  Bollworms  at  Pusa,  and  we  think  it  is 
a  measure  fraught  with  much  good  if  adopted  efficiently.  Since  the  BoU- 
worms  are  already  present  in  the  land,  it  is  not  possible  that,  with  the' 
adoption  of  this  measure  only,  miraculous  effects  will  follow.  It  all 
depends  upon  the  way  the  question  is  tackled.  Patient  and  continuous 
work  for  years  together  is  required  to  produce  any  appreciable  result. 
The  cultivator,  as  a  nile,  is  very  conservative  and  as  such  is  loath  to 
take  to  novelties  unless  he  is  convinced  that  they  are  effective  and  thus 
likely  to  compensate  him  for  his  extra  expense  and  labour.  Once  he  is 
.convinced  of  this,    he  is   quick   to  adopt  the  measure  and  to  practise  it 
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regularly.  No  doubt  along  with  this  simjDle  measure,  other  measures 
will  have  to  be  adopted  concurrently  to  produce  the  desired  result.  The 
introduction  of  parasites  will  still  require  to  be  done.  But  much  reUance 
carm.ot  be  placed  on  this  parasite  work,  unless  it  is  done  by  specially 
trained  men.  This  work  is  rather  technical  and  as  such  caimot  be 
trusted  to  an  agency,  such  as  the  cultivators,  to  adopt  and  carry  it 
through.  The  parasites,  though  effective  as  checks  to  Bollworms  to 
some  extent,  cannot  be  expected  to  bring  about  the  desired  change 
soon,  unless  a  parasite  is  found  which  breeds  fast  and  lays  a  large 
number  of  eggs.  None  of  the  Bollworm  parasites  known  up  to  this 
time  fulfils  these  conditions,  Microbracon  lefroyi  no  doubt  parasitizes 
Earias  as  well  as  the  Pink  Bollworm  {Platyedra  gossypiella)  to  some 
extent,  but  does  not  seem  to  be  the  ideal  parasite  so  far  as  our  investi- 
gations at  Pusa  appear  to  indicate.  Being  a  Braconid  it  lays  only  11 
to  13  eggs  on  its  host — the  maximum  number  of  eggs  found  laid  by  M. 
lefroyi  in  the  Punjab  is  said  to  be  21 — and,  as  these  grubs  develop  a 
tendency  to  cannibalism  in  confinement,  it  is  possible  that  even  this 
small  number  of,  grubs  does  not  develop  on  the  host.  Thus  it  is  not 
able  to  keep  pace  with  the  development  of  its  host  and  as  such 
is  not  very  effective  in  circumventing  its  further  increase.  We  have 
worked  at  the  question  of  parasitization  for  some  years  past,  and 
have  come  to  the  conclusion  that  Chalcidid  parasites  are  more  effective 
than  either  Braconids  or  Ichneumonids.  Hitherto  we  have  not 
found  any  Chalcidid  parasite  which  can  be  said  to  be  effective  against 
the  Bollworms.  The  one  Chalcidid  parasite  that  has  been  found  is  on 
th^  pupae  and  is  not  very  effective.  Hitherto  we  have  not  found"  any 
parasite  on  the  eggs  and  none  s\xch  has  been  recorded  from  other  cotton- 
growing  countries  where  Earias  occurs,  and  this  is  because  of  the  way 
the  eggs  are  laid  on  the  host-plants.  The  eggs  are  laid  singly  and  are 
coloured  cryptically.  It  is  perhaps  due  to  some  such  cause  that  the  eggs 
enjoy  complete  immunity  against  parasites. 

Earias  fabia  and  E.  insidana  are  found  at  Pusa  in  cotton.  Hibiscus 
esculenius,  H.  abelmoschus,  H.  Sabdarijfa,  H.  panduriformis,  H.  rosa- 
sinensis,  H.  cannabinus,  Abuiilon  indicum,  and  Althcea  rosea.  They  have 
not  yet  been  found  in  Hibiscus  vitifolius,  H.  mtttabilis,  H.  triciispis  or 
Malacha  capitata,  although  these  plants  have  been  examined  from 
time  to  time.  It  is  only  in  Hibiscus  abelmoschus  that  we  have  been  able 
to  find  all  the  three  species  of  Earias,  E.  fabia,  E.  insulana  and  cupreovi- 
ridis,  feeding  on  the  same  plant.  E.  cupreoviridis  attacks  jute  capsules 
also  and  has  not  been  found  in  cotton.  Earias  insulana  is  found  more 
frequently  in  Abutilon  indkum  than  in  either  cotton  or  H.  esculentus 
at  Pusa.     The  larvae  of  all  the  three  species  of  Bollworms  have  been 
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found  parasitized  by  Microhracon  lefroyi  whilst  feeding  on  seeds  within 
the  capsules  oi  Hibiscus  abehnoschus. 

At  Pusa  the  life-history  of  E.fabia  has  been  fonnd  to  last  from  21  to 
32  days  according  to  the  time  of  the  year. 

(1)  Eggs  laid Stli  April  1916. 

Eggs  hatched      ....     11th  April  1916. 

Larvse  pupated  ....  20th,  21st  and  22nd  April  1916. 

Adult  emerged    ....  27th  April  1916. 

Total 19  to  21  days. 

(2)  Eggs  laid 14th  September  1915. 

Eggs  hatched      ....  17th  September  1915. 

Pupated 7th  October  1915. 

Adult  emerged    .  .  ...  15th,  16th  October  1915 

Total 31  to  32  days. 

To  mark  the  moults,  etc.,  the  larvae  after  hatching  were  fed  on  the 
petals  in  glass  dishes  so  as  to  enable  one  to  make  observations  on  their 
habits,  time  of  moulting,  etc.  In  the  fields  the  larvse  prefer  to  burrow 
into  the  bolls  or  buds  (both  leaf  and  flower)  and,  if  these  are  not  avail- 
able then,  they  go  into  the  top-shoots,  which  wither  soon  after  affecta- 
tion. These  become  very  withered  and  thereby  become  conspicuous 
•in  the  fields.  Such  tops  are  especially  abundant  in  the  beginning  of  the 
cotton  season  when  no  bolls  are  present  on  the  plants  and  when  the  moths 
after  hibernation  have  started  to  breed.  The  larvse  pierce  more  bolls 
than  they  actually  feed  on.  A  larva  may  enter  a  capsule  and,  after 
boring  into  it  and  nibbUng  the  seeds,  leave  it  and  move  about  in  search 
of  another.  This  happens  when  the  BoHworms  are  most  active  and  this 
period  corresponds  with  the  rainy  mouths,  when  the  rain  water  lodges 
in  the  bolls  and  sets  up  decomposition.  Such  bolls  soon  rot  and  drop 
down  on  to  the  ground.  In  some  cases  the  larvse  simply  scratch  the 
outside  rind  of  the  capsule  and  thus  facilitate  penetration  of  other 
bacterial  and  fungal  diseases,  of  which  the  internal  boll-disease  so  much 
■  coinplained  of  in  the  West  Indies  is  one.  We  have  found  a  very  large 
number  of  bolls  falhng  down  prematurely,  and  suspect  these  to  be 
attacked  with  the  internal  boll-disease  or  some  such  cause.  The  bolls 
get  shi'ivelled  and  soon  become  discoloured.  If  such  are  cut  open  they  are 
foimd  to  be  flaccid  with  the  immature  seeds  within  much  shrivelled  and 
discoloured.  The  fall  of  an  unusually  large  number  of  bolls  makes  this 
aspect  of  the  question  worth  further  investigation.  The  worms  not  only 
bore  into  the  bolls,  shoots  and  buds,  but  destroy  the  vitality  of  seeds  of 
a  large  number  of  bolls.  The  loss  thus  caused  is  far  greater  than  the 
actual  destruction  of  the  bolls.  When  the  bolls  are  only  partially  affected 
they  open  badly  and  the  lint  within  loses  iti  tiniformity  and  strength. 
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The  strength  of  the  individual  fibres  is  much  reduced  and  they  lose  much 
of  their  glossiness.  ,    ■ 

BoUivorm  Parasites. 
Of  the  five  parasites  (two  Braconids,  two  Ichneumonids  and  one 
Chalcidid)  Microbracon  lefroyi  is  the  most  active,  next  to  it  the  yellow 
Braconid  and  then  the  others.  That  there  is  great  variabihty  of  colour 
in  Microbracon  lefroyi  has  been  stated  in  a  separate  paper*  by  Mr.  C.  T. 
Bnies,  to  whom  all  the  Microbracon  material  was  sent  for  examination. 
The  adults  are  very  active  in  the  fields  during  the  day  and  may  be  seen 
flitting  briskly  about  the  plants  or  resting  in  places  advantageous  for 
oxnposition.  The  female  Microbracon  lefroyi  is  more  robust  than  the 
male  and  has  a  prominent  ovipositor.  In  several  instances  Microbracon 
lefroyi  females  have  been  seen  entering  the  affected  shoots  and  exserting 
their  ovipositor  to  reach  their  victims.  The  eggs  are  laid  either  on  the 
anterior  or  the  posterior  part  of  the  Bollworm  larva  but  in  a  large  number 
of  cases  examined  during  the  past  seven  years  a  greatest  proportion  of 
parasitized  worms  was  found  with  the  eggs  of  the  parasite  on  their  post- 
erior ends.  This  was  only  to  be  expected  since  the  larva  normally 
remains  with  its  anal  externity  near  the  hole  used  for  extrusion  of  frass. 
The  parasitized  larva  becomes  restive  and  changes  colour.  If  touched, 
it  squirms  from  side  to  side  and  is  not  able  to  move  about,  as  in  the 
majority  of  cases  the  posterior  end  becomes  rigid  and  shrunk.  The 
eggs  are  laid  either  singly  or  in  groups  of  three  or  four  or  six  or  even 
more.  The  largest  number  of  eggs  found  laid  on  a  parasitized  worm 
was  13,  although  in  the  Punjab  as  many  as  21  have  been  found  on  a  single 
parasitized  Bollworm.  The  eggs  are  shiny  to  dirty  white  in  colour, 
elongate,  cylindrical,  somewhat  curved  in  the  middle  ;  in  some  one  end 
is  bioader  than  the  other.  The  grub  on  hatching  remains  on  the  body 
of  the  host  and  feeds  by  imbibition.  The  chitin  of  the  grub  is  so  thin 
and  transparent  that  the  inner  pulsations  are  quite  visible  under  a  high- 
power  objective.  The  grub  is  of  the  usual  hymenopterous  type,  plump 
and  fat,  broad  posteriorly,  somewhat  narrowed  towards  the  head,  with 
strong  mandibles.  The  trachea?  are  prominent  and  visible  beneath  the 
cuticle  under  the  microscope  or  even  when  examined  with  a  hand-lens 
magnifying  at  least  ten  diameters.  When  full-fed  it  leaves  the  host, 
which  lies  dead  and  shrivelled  up  within  the  boll  or  the  shoot  or  on  the 
spot  where  it  was  parasitized.  Pupation  takes  place  on  a  leaf,  within 
the  shoot  or  the  boll  where  the  host  was  feeding  prior  to  parasitization. 
The  cocoon  is  cylindrical,  flattened  towards  both  ends.  It  is  dirty 
white  in  colour  and  rather  firm  in  texture.     When  the  adult  emerges 

*  See  paper  No.  80  in  these  Proceedings. 


PfiOCEEDINGS    OF    THE   THIRD    ENTOMOLOGICAL    MEETING  453 

it  bites  a  hole  at  one  end  witli  its  strong  mandibles  and  comes  out.  In 
several  instances,  adults  were  found  to  bite  through  two  or  three  layers 
of  green  voile  cloth  tied  over  rearing  dishes  and  to  escape.  Shortly 
after  emergence  the  adult  becomes  active  and  begins  flying  about  briskly. 
The  female  may  be  distinguished  easily  from  the  male  on  account  of  its 
size  and  the  presence  of  a  strong,  black  ovipositor.  In  confinement 
the  grubs  have  been  found  to  develop  cannibalistic  tendencies,  and  on 
several  occasions  the  stronger  ones  have  been  found  making  a  meal  off 
their  weaker  brethren.  In  several  instances  the  grubs  have  been  found 
to  be  suffering  from  flaccidity,  and  there  is  reason  to  believe  that  the 
disease,  though  not  exactly  Flacherie,  is  very  much  akin  to  it.  At  times 
a  large  number  of  grubs  has  been  observed  to  suffer  from  this  disease. 
This  disease  has  also  been  found  common  in  the  BoUworms  and  it  is 
possible  that  the  parasitic  grubs,  feeding  by  imbibition,  become  infected 
themselves  and  die  of  the  disease.  A  complete  life-cycle  has  been  found 
to  last  from  9  to  13  days  according  to  the  time  of  the  year. 

Alternative  hosts  of  Microbracon  iefroyi. 
Besides  the  Bollworms,  attention  has  also  been  directed  towards 
finding  the  alternative  hosts  of  Microbracon  Iefroyi.  A  large  number 
of  caterpillars  with  Braconid  grubs  on  them  has  been  reared,  and 
these  reared  specimens  were  sent  to  Mr.  C.  T.  Brues  for  identification. 
But  the  whole  consignment  of  these  very  valuable  specimens  was  lost 
through  submarine  piracy  during  the  war.  Specimens  of  Microbracon 
were  reared  from  Platyedra  gossypiella,  Epicephala  chalybacma,  Eublemma 
quadrilineata,  Adisura  atkinsoni,  Alcides  leopardus,  Carpomyia  vesuviana, 
Sylepta  derogata,  Phycita  infusella,  Anarsia  melanoplecta,  Chlumetia 
transversa  and  Eublemma  amabilis.  This  investigation  was  intended 
to  give  a  clue  to  the  alternative  hosts  which  might  be  utilized  for  breeding 
or  collecting  the  parasite  when  it  was  required  for  introduction  in  a  new 
locality  or  in  an  old  one  where  the  proportion  between  the  host  and  its 
parasite  was  found  to  be  lower  than  the  normal. 

Trapping  of  Bollworm  Moths. 
Along  with  the  study  of  the  parasites,  attention  has  also  been  paid 
to  the  trapping  of  the  adults  by  mechanical  methods.  But  these  have 
not  as  yet  yielded  any  tangible  results.  No  Bollworm  moths  have  as 
yet  been  trapped  in  the  Andres-Maire  traps  or  in  the  Meduse  lamp-traps 
set  up  right  in  the  middle  of  or  in  close  proximity  to  the  cotton  fields, 
although  Earias  insulana  and  E.fabia  do  frequently  come  in  to  light  and 
P.  gossypiella  occasionally. 
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The  effect  of  cultural  methods. 

The  effect  of  thick  and  thin  sowing  has  not  been  very  pronounced, 
although  the  effect  of  sowing  cotton  as  a  mixed  crop  has  given  good 
results.  Titr  (Cajanus  indicus)  was  sown  alternatively  with  cotton, 
but  it  was  found  that  the  tur  plants  become  so  bushy  that  they  interfered 
seriously  with  the  growth  and  subsequent  boiling  of  the  cotton. 

The  following  Table  shows  the  result  of  examination  of  various 
cottons  grown  (a)  by  themselves  ("  pure  ")  and  (b)  inter-sown  with  tur 
("  intermixed  "). 


Date   of 
examination 

GKO. 

.■•P..E"               j 

Okown 

"  INTEKJIIXED  •• 

Variety 

Total 
Bolls    ' 

niijied 

Total 
affected 
bolls 

Percent- 
age 

Total 
BoUs 

mlined 

Total 
affected 
bolls 

Percent- 
age 

f 

5th  October  1917     . 

399 

18 

69 

5 

j 
Cawninir  American    .  -; 

14th  January  1918  .- 
Sth  September  1918 

397 
11 

6 

45 

0 

4th  October  1918     . 

270 

41 

■• 

6th  October  1917     . 

1,077 

73 

6-7 

114 

5          4-38 

304 

32 

98 

6 

Sth  October  1917     . 

353 

33 

118 

16 

26th  November  1917 

217 

8 

23 

3 

15th  January  1918  . 

118 

1 

9 

« 

17th  January  1918  . 

78 

3 

2 

2 

White-flower 

2nil  March  1918       . 
10th  April  1918 
15th  April  1918 
31st  May  1918 
29th  September  1918 
4th  October  1918     . 

0 

1 

40 
0 
8 

0 
1 
10 

2 

0 

■■      ■ 

4th  October  1918     . 
6th  October  1917     . 

13 

2 

1,139 

92 

8-07 

250 

26 

104 

282 

18 

143 

4 

11th  October  1917   . 

655 

33 

143 

13 

16th  January  1918  . 

172 

3 

15 

0 

K.  22       .          .          .-! 

21st  January  1918   . 
11th  April  1918 
23rd  April  1918 
4th  October  1918     . 
4th  October  1918     . 

271 
1 
11 
15 
16 

6 
1 
4 
4 
10 

5 

1         0 

I 

1,323 

78 

6-8 

306 

17   1        5-5 
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GROWN  •■  PTTiE  "              Grown  "  intermixed  " 

Variety               ,           Date  of 

1        examination 

1 

Total 
Bolls 

mined 

Total 
affected 
bolls 

Percent- 
age 

Total 
Bolls 
exa- 

fained 

Total 
aSected 
boUs 

Percent- 
age 

TeUow  flower   . 

9th  October  1917     . 
1st  November  1917 
30th  November  1917 
18th  January  1918  . 
23rd  January  1918  . 
4th  March  1918  .     . 
16th  April  1918 
25th  April  1918        . 
10th  June  1918 
21st  September  1918 
4th  October  1918     . 
5th  October  1918     . 

219 

348 

125 

224 

0 

7 

5 

134 

28 

5 

3i 

9 
9 
3 

4. 
0 
1 
0 
17 

'  3 
0 

•113 
45 
18 
4 
2 
0 

1 
0 
0 
0 
0 

1 

1,842              81 

4-39 

1S2 

9  1        4-9 

Burl        . 

lith  October  1017    . 
3rd  November  1917 
22nd  January  1918 
24th  January  1918  . 
21th  AprU  1918 
2nd  May  1918 
5th  October  1918     . 
5th  October  1918     . 

3rd  November  1917 
25th  January  1918  . 
3rd  May  1918 
5th  October  1918 

9th  November  1917 
29th  January  1918  . 
11th  May  1918 
5th  October  1918     . 

9th  November  1917 
30th  January  1918  . 
17th  May  1918 
5th  October  1918     . 

617 

170 

1,344 

855 

34 

607 
163 

73 
16 
20 
15 
26 
15 
152 
56 

31 
IS 
8 

7 

0 
0 

3,830 

373 

9-7     1         115 

10 

8-69 

4  F.  American 

165 
601 
10 
211 

28 
49 

18 

0 

987 

89 

9-01  1            22 

1 

4-5 

Selected  broad-leaf     . 
(Sa,u,uimum). 

79 
259 
70 

1 
1 
34 
0 

0 

0 
0 

416 

36 

S^O 

4|              0 

Fine  Broach     .        .< 

0 
22 
46 

0 

0 
0 
6 
0 

0 
0 

0 

0 

68 

« 

8-8 

0  1          0 
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Date   of 
examination 

GKOW.N  ••  PURE  " 

GKOW."I>™nXEI," 

Variety 

Total 
Bolls 

niined 

Total 
•affected 
bolls 

Percent- 
age 

Total 
Bolls 
exa- 
mined 

Total 

a£tected 

bolls 

Percent- 
age 

9tli  Kovember  1917 

0 

0 

0 

0 

Selection  I.  A.  . 

4th  February  191S  . 

IStll  May  1918 

5th  October  1918     . 

17th  November  1917 

52 
0 

0 
11 

;;" 

0 

63 

u 

17-4 

0 

0 

225 

2 

11 

0 

Uth  December  1917 

390 

10 

15 

0 

6th  February  1918  . 

90 

0 

0 

0 

N.  R 

26th  March  1918      . 
20th  May  1918  *     . 
16th  July  1918 
25th  September  1918 
5th  October  1918     . 

19th  November  1917 

0 
107 
100 

10 

0 
24 
14 
0 
0 

0 

0 

995 

60 

5-02 

26 

0 

, 

54 

0 

, 

0 

Dharwar  I.  Kiimpta   . 

"th  February  1918  . 

21st  May  1918 

5th  October  1918     . 

19th  November  1917 

12 
0 

1 
3 
0 

0 

;;" 

191 

* 

2-09 

4 

0 

f 

22 

0 

6 

0 

Dharwar-Kumpta      J 
Cross.                        1 

23rd  Februarj- 1918 
22nd  May  191S 
5tli  October  1918 

22nd  November  1917 

38 
33 
0 

0 
5 
0 

{ 

0 

93 

5 

5-37 

8 

0 

0 

0 

0 

0 

Wagad 

25th  February  1918 
23rd  May  1918 

37 
29 

0 

0 

0 

5th  October  1918     . 
22nd  November  1917 

0 

0 

66 

7 

10-6 

0 

0 

0 

0 

0 

0 

laUo       . 

26th  February  1918 

25th  May  1918 

5th  October  1918     . 

2 
0 

0 
3 
0 

0 

0 

19 

3 

157 

0 

0 
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Date  of 

Grown  "  prKE  " 

GEOWN 

••  IXTEEMIXEB  " 

Yariety 

Total 
Bolls 

Total 
affected 
bolls 

Percent- 
age 

Total 
Bolls 

m^ned 

Total 
aflected 
bolls 

Percent- 
age 

24th  November  1917 

20 

0 

4 

0 

Kumrta  onlinary      .  - 

27th  February  1918 

28th  May  1918 
21st  September  1918 

26th  November  1917 

1 
10 
50 

0 
10 

2 

0 

87 

12 

13-79 

6 

0|        ., 

90 

1 

9 

Cambodia 

28th  Febniary  1918 
30th  May  1918 
21st  September  1918 

3rd  December  1917. 

.85 
109 

n 

0 

10 

0 

284 

14 

4-9 

19 

1 

5-2 

258 

2 

23 

0 

5th  December  1917. 

224 

2 

20 

0 

6th  March  1918 

0 

0 

0 

0 

Eoaeum  . 

12th  March  1918      . 
12th  June  1918 
3rd  July  1918 
21st  September  1918 
■23rd  September  1918 

4th  December  1917 

0 

103 
175 
11 

0 
19 
20 
0 
3 

0 

780 

46 

5-89 

43 

0 

137 

2 

9 

0 

Sindowahi  cross 

6th  March  1918 
ISth  June  1918 
21st  September  1918 

6th  December  1917 

0 

174 

0 

0 
20 

0 

•■ 

•• 

311 

22 

707 

9 

« 

f 

200 

5 

16 

0 

Tinteria  . 

14th  March  1018      . 

9tli  July  1918 

23rd  September  1918 

7th  December  1917 

0 

48 

0 
6 

1 

0 

0 

255 

12 

4-7 

16 

1       " 

100 

5 

15 

0 

Garo  Ko.  II 

23rd  March  1918      . 
12th  July  1918 
23rd  September  1918 

49 

70 

0 
14 
5 

225 

1            "* 

10-6 

1            '' 

0 
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Date   of 
examination 

Gkown  "  POKE  '■ 

LGkow.n 

"  INTEEMIXED  " 

Variety 

niined 

Total 

affected 
boUs 

Percent- 
age 

Total 
Bolls 

ra'ined 

Total 
aflect«d 
bolls 

Percent- 
age 

r 

13th  December  1917 

86 

' 

16 

0 

Chittagong  No.  I       ■< 

23rd  March  1918      . 
13th  July  1918 
■24th  September  1918 

13th  December  1917 

0 
29 
56 

0 

0 

171 

18 

10^5 

16 

0  j       .. 

r 

51 

11 

0 

-  ^  ■  -1 

23rd  Mareli  1918      . 
13tli  July  1918 
24th  September  1918 

13tli  December  1917 

0 

64 

0 

0 

132 

12 

9^09 

11 

0  1       .. 

-  r 

70 

8 

0 

1 

Gaio        •        .        •-! 

23rd  llareh  1918      . 

0 

0 

0 

15th  July  1918 

50 

24th  September  1918 
14th  December  1917 

9 

.. 

1-29 

3-8 

8 

0|        .. 

f 

23 

8 

0 

Triumph          .        J 

26th  March  1918  _   . 
16th  July  1918 

0 
45 

13 

" 

0 

1. 

25th  September  1918 
17th  December  1917 

57 

14 

125 

27 

■21-6 

8 

0|       .. 

173 

9 

0 

CompanyiNo.  11        .  ■; 

26th  March  1918      . 
1-th  July  1918 
27th  September  1918 

■19th  December  1917 

0 
4 
0 

0 

0 

177 

9 

o|      .. 

48 

4 

0 

Company  No.  Ill      J 

26th  March  1918      . 
17th  July  1918 
27th  September  1918 

19th  December  1917 

0 
2 
0 

0 
0 
0 

0 

0 

50 

0 

4 

0|        .. 

r 

42 

0 

0 

0 

Company  No.  III-A  .-! 
I 

26th  March  1918      . 
17th  July  1918 

3 

0 
0 

0 

0 

2-th  September  1918 

0 

0 

45 

° 

• 
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Date  of 
examination 

GROWN   "  PURE  " 

GROWN  "  ISTEEMIXED  " 

Variety 

mined 

Total 
affected 
boUs 

Percent- 
age 

Total 
Bolls 

mined 

Total 
affected 
bolls 

Percent, 
age 

Hagari  No.  I  .        J 

19th  December  1917 
26tli  March  1918      . 
17th  July  1918 
27th  September  1918 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

The  following  Table  shows  the  relative  infestation  of  Bollworms 
in  some  other  malvaceous  plants. 


Plant 

Date  o£  examination 

Total  pods 
examined 

Total  affect- 
ed pods 

Percentage 
of  infestation 

HoUyhock     .         .         .< 

17th  December  1917 
13th  March  1918      . 

17th  December  1917 
4th  April  1918 

5th  October  1917 
10th  October  1917   . 
18th  December  1917 

7th  November  1917 
23th  January  1918   . 

184 
65C 

0 
11 

840 

11 

1-3 

Abutilon        .         .         .| 

1,596 
684 

6 

32 

2,280 

38 

1-6 

r 

Hibiscus  escuhntiis          .J. 

:: 

13 
111 

348 

145 

41-6 

Hibiscus  atdmosdnis      .i 

1,734 
428 

52 
3 

■ 

2,162 

55 

2-5 

The  relative  immunity  of  varieties  of  cotton. 
Along  with  mixed  cropping,  we  have  endeavoured  to  find  out  the 
relative  immunity  of  various  varieties  of  cotton  recommended  for  general 
sowing  from  time  to  time.  The  figures  for  all  such  varieties  have  not 
been  tabulated  as  yet,  but  we  quote  from  one  year's  figures  to  show  that 
there  are  varieties  which  show  a  tendency  to  resist  the  Bollworms'  attacks, 
whilst  there  are  others  which  seem  to  be  more  liable  to  attack.  The 
following  Table  indicates  these  differences.  It  must  be  admitted,  how- 
ever, that  the  figures  shown  here  are  too  small  to  allow  of  much  in  the  way 
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S 

s 

•1 

°--  =  j.^3;ss 

s 

=    -■    =    °    ?i    -5    c;    2 

g 

1 

1  s  1  s  1  s  i  1 

1 

i's    i    S    S    i    K    s 

i 

1 

IS 
II 

g 

1 

0     r.     =     ,.     0     =     0     0 

•* 

r--<..      =      =      =      =      = 

1 

g 

1 

s  1  s  s  i  3  s  s 

1  Cassis! 

^ 

11 

1 

2 

. 

s 

■5 

1 

0       =       0       =       0       =       0., 

" 

=  =  =  ^  =  «  .,  w 

1     i       '' 

3 

'gSS--S5S 

1 

1 

2 

■3 

1 

2eth  October  1910 
7th  January  1910 
26th  January  1910 
15thFcbruary  1910 
8th  Mafch  1916      . 
28th  March  1916  . 
19th  April  1916     . 
yth  May  1910 

20th  October  1915 
7th  January  1910  . 
20th  January  1910 
15th  February  1910        . 
8th  March  1910      . 
2Sth  March  1910    . 
19th  April  1910     . 
9th  May  1916 

> 

5! 
S. 

1 
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1  lg 

1 

" 

: 

< 

=,     ^     >.,     g     c;     ^     « 

'- 

'    =    5    S    5    S    5 

s 

H 

s  1  i  1  s  §  i 

i 

§  a  s  s  i  1  1 

1 

II 

. 

? 

■s 

1 

«     t-     ^     o     o     o     o 

_ 

o     w    ^     o     ..     o     o 

«' 

1 

o     «     =, 

s  3  1  1  i  s  i 

a 

If 

t  £ 

g 

1 

^  1 

"2 

1 
< 

^  °  °  °  '°  •=  <^ 

X 

o      o      o      =      =      ^      ^ 

c, 

! 

1 

55    2 .  3    S    "    S    S 

^1 

1 

s 

1 

j 

.     1 

11th  January  1910 
28th  January  1910 
22nd  February  1910 
10th  March  1910    . 
30th  March  1910    . 
25th  April  1910      . 
12th  May  1916       . 

12th  January  1916 
31st  January  1910 
23rd  February  1910 
13th  March  1910    . 
Srd  AprU  1910 
26th  April  1916      .         . 
16th  May  1910       . 

1 

Bellary,  Type  10             .^ 

1 

1 

<P 

i    ■ 

t 

1 

s 

=    °    «>    ?5    3    S    = 

g 

"'"""'  ° 

i 

^'    °    2    S    S    §    a 

s 

g    S    S    S    3    S    S 

s 

^    2    5    3    1    S    S 

5 

S  i  1  1  s  1  i 

• 

1 

, 

s 

°    "    °    °    °    °    ° 

" 

o     =     =     c     c     c     o 

" 

511 
538 
520 
526 
506 
523 

i 

1 

s  s  =  i  1  S  i 

" 

z 

^ 

'^ 

1 

O       O       O       O       O       CC       ^I 

'-■' 

o      =      =      o      e      c      ., 

c, 

=       o       =       .       =       =       . 

CO 

S  S  "  ■»  -  s  s 

5 

g      ^      _;      ^      ,      r-       J, 

S 

....... 

H 

12th  January  1916 
31st  January  1916 
23rd  February  1916 
lath  March  1918    . 
3rd  April  1916 
26tli  April  1916      . 
16th  May  1916       . 

3lst  January  1916 
■  1st  February  191R 
24th  February  1916 
14th  Jlarch  1916    . 
4th  April  1910 
27th  April  191G      . 
l»tli  May  1910 

14th  January  1916 
2nd  February  1916 
24th  February  1916 
15th  March  1916    . 
5tli  April  1916 
28th  April  1916      . 
24th  May  1916       . 

1 
1 

1 

1 

1 

1 
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of  comparison  and,  furtliermore,  they  are  mostly  taken  in  the  months 
January-May,  when  Bollworm  activity  is  comparatively  low,  so  that  the 
percentage  of  infestation  is  relatively  small.  It  must  also  be  remembered 
that  these  plots  of  cotton  were  being  grown  in  connection  with  the  rearing 
of  Microbracon  parasites  of  Earias  and  that  these  parasites  were  there- 
fore present  in  probably  abnormally  large  numbers^ 

We  will  discuss  Earias  first  and  then  Platyedra  (Gelechia). 
Have  any  trap-crops  been  tried  ? 

Wo  have  tried  bhindi  and  Hibiscus  abelmoschus  and  we  find  that 
the  latter  attracts  Earias  more  than  cotton. 
Then  a  trap-crop  is  the  best  remedy. 

We  put  down  Hibiscus  abelmoschus  expressly  to  breed  Earias.  Our- 
endeavour  has  been  to  breed  these  boUworms  and  to  keep  them  going 
in  as  large  numbers  as  possible  in  order  to  get  parasites.  These  parasites 
have  been  sent  to  the  Punjab  and  used  there  but  we  do  not  exactly 
know  with  what  results  beyond  what  was  said  at  the  last  Meeting. 

We  tried  bhindi  as  a  trap-crop  in  our  Presidency  [Bombay]  but  we 
found  that  we  required  to  use  an  early-maturing  variety.  Otherwise, 
there  is  more  damage  than  good  done. 

Can  you  make  your  cultivators  pull  up  the  trap-crops  at  the  proper 
time  ? 

That  is  the  main  trouble. 

If  the  top-shoots  of  the  cotton-plants  are  cut  oS  in  the  early  stage  of 
attack,  it  is  useful. 

We  also  recommended  that  the  top-shoots  should  be  cut. 

In  the  Punjab  it  was  suggested  that  cattle  might  be  tiu-ned  into 
the  fields  to  eat  the  top-shoots. 

Grazing  cattle  in  such  a  field  is  of  no  use.  The  attacked  shoots 
wither  apd  cattle  will  not  eat  them  ;  in  fact,  the  green  shoots  would  be 
eaten  and  more  damage  done. 

At  Poona,  in  the  case  of  certain  varieties,  the  cutting  of  the  top- 
shoots  is  harmful. 

Dr.  Gough,  will  you  tell  us  something  about  Earias  in  Egypt  ? 

In  1912,  when  I  first  came  to  India,  my  mission  was  to  obtain  para- 
sites of  Earias  and  to  introduce  them  into  Egyjjt.  Gelechia  was  not  a  . 
pest  of  cotton  in  Egypt  at  that  time.  We  had  legislation  against  Earias 
and  the  result  is  that  what  was  a  bad  pest  in  1912  is  only  a  quite  minor 
pest  now.  In  1910-12  at  the  electric  light  on  our  verandah  we  used  to 
attract  twenty  or  thirty  Earias  insulana  moths  every  evening,  but  now- 
a-days  this  species  is   comparatively  a  rarity,  and  the   percentage  of 
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cotton  bolls  attacked  by  Earias  at  its  worst  is  well  below  ten  per  cent. 
The  legislation  laid  down  demands  that  all  the  bolls  be  destroyed  at  the 
end  of  the  year  and  that  all  cotton  sticks  be  pulled  out  and  burnt ;  and 
this  applies  also  to  Hibiscus  esculeniits  and  H.  cannabinus.  Thus  for 
five  months  there  is  no  food  available  for  Earias,  as  we  do  not  leave 
any  cotton  or  Hibiscus  or  any  other  food-plant.  Legislation  on  such 
lines  forms  the  best  means  of  control. 

The  conditions  differ  in  India.     Hibiscus  escuhntus  is  a  very  useful  Mr.  Misra. 
vegetable    and  it  would   be  difficult  to  legislate  against  it.     But   our 
greatest  difficulty  is  the  removal  of  the  trap-crop. 

I  am  perfectly  convinced  that  in  the  United  Provinces  bJiindi  as  a  Mr.  Burt, 
trap-crop  will  not  be  useful.    Bhindi  is  a  very  valuable  vegetable  and 
is  grown  over  a  very  extended  area.    I  do  not  think  that  any  cultivator 
would  pull  out  bhindi,  which  is  sometimes  even  more  valuable  than 
cotton. 

To  destroy  the  early  shoots  of  cotton  is  also  of  doubtful  value  as  this 
causes  a  severe  check  to  the  growth  of  the  plant  and  the  remedy  is  worse 
than  the  disease,  as  you  make  your  crop  late.  Topping  is  out  of  the 
question.     But  when  we  get  a  vigorous  crop,  then  topping  is  useful. 

Do  you  think  that  any  legislation  for  the  destruction  of  bhindi  plants  Mr.  Fletcher, 
by  a  particular  date  would  be  useful  ? 

Bhindi  is  grown  in  the  United  Provinces  as  a  hot-weather  and  rainy-  ^-  ^•'r'- 
season  crop  and  boUworms  and  their  parasites  are  found  earlier  in  the 
season  on  bhindi  than  on  cotton. 

Legislation  for  bhindi  alone,  without  taking  account  of  other  wild  Mr.  Fietchet, 
food-plants,  would  do  comparatively  little  good.     Have  you  any  wild 
food-plants  in  Egypt  ? 

In  Egypt  we  have   not   got  any   wild    plants   that   are    fed  on  by  Dr.  Gough. 
Earias.     Wild  Hibiscus  does  not  harbour  it. 

In  my  judgment  fumigation  or  hot-air  treatment  of  the  seeds  would  Mr.  Burt, 
be  the  best  remedy. 

The  difficulty  probably  is  that  the  cotton  area  is  so  extensive  that,  Mr.  Robertson- 
where  one  cotton  plot  ends,  another  begins.  Brown. 

That  is  not  quite  so.     One  tract  is  separated  from  another.  Mr.  Burt. 

As  regards  topping  of  the  plants,  there  seems  to  be  some  diiference  Mr.  Misra. 
of  opinion.  In  the  Central  Provinces  the  crop  is  sown  thick  and  is  then 
thinned  out  and  in  such  cases  we  can  pull  out  whole  affected  plants. 
This  work  is  rendered  easier  when  the  plants  are  sown  in  rows.  But  the 
worst  of  it  is  that  the  plants  which  are  pulled  out  are  generally  thrown 
down  on  one  side  of  the  field.  If  the  cultivators  could  be  persuaded  to 
destroy  these  plants,  it  yould  be  useful.  • 
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If  the  top-shoot  is  attacked,  the  tip  is  destroyed  in  any  case  and  it 
may  as  well  be  clipped  off. 

If  the  top-shoot  is  cut  off  there  is  a  danger  of  its  falling  down,  but 
if  it  is  simply  squeezed  and  the  contained  larva  squashed,  this  danger  is 
obviated. 


18.— THE  PINK  BOLLWORM  IN  EGYPT. 

By  Lewis  H.  Gough,  Ph.D.,  F.E.S.,  Director  of  the  Entomological  Service, 
Ministry  of  Agriculture,  Egypt. 

There  can  be  no  doubt  whatever  that  the  Pink  Bollworm  is  a  recent 
introduction  into  Egypt,  and  there  is  very  little  doubt  that  it  found 
its  way  there  from  India.  The«date  of  its  introduction  lies  between 
the  years  1903  and  1910.  The  first  specimens  of  the  insect  were  seen 
by  Mr.  Willcocks,  Entomologist  to  the  Khedivial  Agricultural  Society, 
in  1910.  Mr.  Adolf  Andres,  who  later  on  was  Mr.  Willcocks'  Assistant, 
also  claims  to  have,  had  specimens  in  the  same  year.  Our  records  date 
back  to  1911,  the  year  when  we  started  work  in  Egypt. 

The  first  records  available  are  all  grouped  around  Alexandria,  and 
in  the  north  of  the  Delta.  The  first  really  severe  outbreak  was  on  the 
Abukir  Estate,  near  Alexandria,  in  1912. 

The  reason  why  all  the  earlier  records  are  grouped  in  this  way  is 
without  doubt  connected  with  the  first  importations.  Table  I  shows 
the  quantities  of  Indian  cotton  imported  from  1903  to  1913.  This 
cotton  was  required  for  spinning  by  the  spinning  mills  at  Alexandria, 
being  somewhat  cheaper  than  the  Egyptian,  and  being  required  for 
the  manufacture  of  yarns  for  muslin  weaving  in  Turkey. 

Incidentally,  the  importation  of  the  rather  badly  ginned  Indian 
cotton  could  have  been  prevented  under  a  law  passed  in  1907,  prohi- 
biting the  importation  of  cotton  seed.  But  the  law  was  not  considered 
by  those  concerned  to  be  applicable  to  the  few  seeds  found  in  bales  of 
cotton.  One  of  the  first  difficulties  which  arose  in  connection  with 
the  Plant  Importation  Law  of  1913  was  in  connection  with  the  same 
point,  and  as  the  legal  authorities  could  not  see  their  way  to  prohibit 
the  importation  of,  or  to  condemn,  faulty  bales,  the  law  had  to  be  with- 
drawn and  replaced  by  Law  I  of  1916,  which  prohibits  the  importa- 
tion of  ginned  cotton  altogether.  It  appears  that  it  was  not  considered 
possible  to  consider  whole  bales  as  contraband  on  account  of  their  con- 
taining contraband  in  the  form  of  seeds. 

It  was  during  the  exercise  of  supervision  under  the  law  of  1913  that 
the   method  of  introduction  was  actually  discovered.     The  Filature 
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National  Mills  at  Alexandria  had  imported  a  number  of  bales  of  Indian 
cotton  which  were  found  on  examination  at  the  Customs  to  be  badly 
ginned  They  were  allowed  to  go  forward  only  on  the  condition  that 
they  should  be  kept  in  a  moth-proof  store,  and  that  the  cotton  should 
be  re-inned  in  the  presence  of  a  delegate  from  the  Ministry  of  Agri- 
culture. During  the  re-ginning  several  "  double "  seeds  contaimng 
living  Pink  Bollworms  were  found. 

From  E^ypt  the  Pink  Bollworm  is  known  to  have  spread  to  other 
countries,  to  which  Egyptian  seed  had  been  sent.  The  outbreak  m 
Tokar  (Sudan)  is  probably  due  to  the  traffic  in  Egyptian  seed,  which 
prior  to  1913  was  not  restricted  in  any  way  by  the  Sudan  Government. 
The  discovery  that  the  Pink  Bollworm  occurred  in  the  Sudan  was  made 
in  the  Laboratory  of  the  Entomological  Section  in  Cairo,  when  examining 
some  seed  sent  from  the  Sudan  to  the  Ministry  for  experimental  purposes. 
Brazil  received  the  Pink  Bollworm  also  from  Egypt.  The  Brazilian 
■Government  imported  seed  in  1913  and  1914  for  distribution,  without 
.consulting  the  Egyptian  Ministry  of  Agriculture.  This  seed  camiot 
be  traced  in  our  Customs  returns,  and  may  have  been  exported  farst 
to  England  and  transhipped  from  there.  The  result  appears  to  have 
been  a  very  violent  outbreak. 

Mexico  is  another  of  Egypt's  unfortunate  customers.  We  can  trace 
from  the  Customs  returns  that  a  consignment  of  115  ardebs*  went  to 
Monterey  Mexico,  in  1911;  it  has  spread  across  the  United  States  borders 
into  Texas,  where  the  United  States  Government  is  now  taking  active 
measures  to  prevent  the  spread  of  the  pest. 

We  have  unpublished  records  of  this  pest  from  Mesopotamia  and 

from  Palestine.  .      .    ■       -n  ^    ^• 

Thus  the  present  known  distribution  includes  (1)  m  Asia  :  Palestine, 
Mesopotamia,  India^Ceylon,  Burma,  Straits  Settlements,  China,  Japan, 
the  Philippine  Islan^ls.  „,     ^    c.   j 

(2)  in  Africa  :  Egypt  (not  yet  in  Algiers  or  further  West),  Sudan, 
((Jerman)  East  Africa,  Zanzibar,  Southerii  Nigeria,  Sierra  Leone,  Lagos.- 
(It  apparently  does  not  occur  in  Central  nor  in  South  Africa.) 

(3)  in  America  :  Brazil,  Mexico,  United  States,  and  Hawaii.  There 
is  little  doubt  that  it  will  spread  in  time  to  wherever  cotton  is  grown, 
iMiless  cotton-growing  countries  which  are  still  free  take  most  stringent 
precautions  against  the  introduction  of  cotton  seed,  seed-cotton  and 
badly  ginned  cotton.  This  last  commodity  is  frequently  used  as  packing 
material  for  leather  goods  manufactured  in  the  East,  and  might  get 
overlooked  by  Customs  Officials. 

*  One  Ardeb=121-5  Kg.  or  270  lbs.  wt. 
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The  original  home  of  the  Pink  Bollworm  appears  to  be  most  pro- 
bably Asia.  The  insect  was  probably  introduced  from  India  into 
(German)  East  Africa  before  the  German  occupation ;  according  to 
the  accounts  by  various  German  authors,  the  insect  is  thoroughly 
estabhshed  there.  Trade  with  East  Africa  before  the  advent  of  the 
Germans  was  practically  all  with  India.  Its  spread  to  Zanzibar  is 
understandable  in  view  of  the  trade  connections  with  India. 

Although  the  introduction  of  the  Pink  Bollworm  took  place  so 
recently,  very  little  is  really  known  about  its  rate  of  spread  in  Egypt. 
A  few  records  are  given  by  Willcocks,  for  the  locahties  in  which  it  was 
noted  before  1913,  but  these  records  are  defective  in  many  ways,  especi- 
ally as  they  are  the  result  of  stray  notes  and  not  of  an  organized  search 
for  the  insect.  Although  first  recorded  in  Egypt  in  1910  from  around 
Alexandria  we  have  distinct  evidence  in  the  shape  of  hoUowed-out 
seeds,  ginned  at  Maghagha  in  Upper  Egypt  in  1911,  that  it  had  already 
reached  so  far  in  the  first  year  after  its  discovery. 

Food-Plants.  The  principal  food-plant  is  without  doubt  cotton  ; 
it  feeds  on  various  other  malvaceous  plants  contrary  to  the  assertion 
of  Busck  which  has  apparently  been  accepted  by  the  American  authorities. 

On  cotton  the  larva  feeds  in  the  seeds,  bolls,  flower-buds,  flowers 
and  in  the  stem,  in  which  last  it  bores  in   the  cambium  ;  the  order  of" 
preference  being   as   stated. 

It  was  found  in  an  experiment  made  at  the  Government  farm  at 
Gemmeiza  in  1917,  that  during  the  19  weeks  from  June  9th  to  October 
20th,  of  44,013  buds  only  165,  of  5,792  flowers  only  13  and  of  48,395 
green  bolls  16,831  contained  worms  or  showed  signs  of  previous  attack 
or  both  (Plate  80).  Of  the  green  bolls  very  many  certainly  contained 
more  than  one  larva.  This  represents  the  total  number  of  buds,  flowers 
and  green  bolls  found  on  9,300  plants  ;  100  plants  being  daily  pulled  up 
and  examined  until  the  15th  September,  after  which  only  50  plants 
were  utilized  for  the  daily  counts.  Recalculated  in  such  a  way  that 
each  week  is  made  to  weigh  in  its  proper  proportion  and  calculating 
all  the  buds,  flowers  and  bolls  each  as  1,0,000,  the  proportion  of  attacked 
flowers  is  found  as  42  in  10,000,  buds  67  in  10,000  and  bolls  (green) 
4,346  out  of  10,000.  (See  Table  II.)  We  will  have  to  come  back  to 
this  subject  later  on. 

Affer  cotton  the  chief  host  plant  in  Egypt  is  the  Okroe  (Hibiscus 
esculentus).  (See  Table  III.)  And  here  it  may  be  mentioned  that  we 
totally  disagree  on  this  subject  with  the  views  of  Busck,  who  denies  that 
the  Pink  Bollworm  feeds,  or  develops  through,  on  any  other  plant  thaa 
cotton.  Our  experience  has  shown  us  that  at  certain  seasons,  it  can  in- 
fest ob-oe  pods  to  a  serious  extent   (16  per  cent.).     (See  Table  IV.) 
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In  all  we  have  examined  6,060  ohroe  pods  this  year,  and  have  found 
319  larvae  in  them.  From  an  inquiry  received  from  America  we  judge 
that  Busck  is  willing  to  admit  that  the  Pink  Bollworm  may  feed  for  a 
certain  time  on  food  other  than  cotton,  but  that  such  larvae  will  not 
mature  and  emerge.  Against  this  we  can  set  the  fact  that  we  have 
had  191  emergences  from  ohroe  pods  this  year  (up  to  23rd  December 
1918). 

The  pods  and  seeds  of  Hibiscus  cannahinus  also  serve  as  food  to 
the  insect.  Examination  of  1,000  pods  collected  last  October  gave 
45  larvae.  That  larvae  feeding  on  this  plant  can  develop  and  emerge 
as  moths  can  be  seen  from  the  fact  that  we  have  bred  through  131 
moths  from  cannahinus  pods  (23rd  December  1918).     (See  Table  V.) 

It  was  necessary  to  elaborate  the  possibility  of  other  food-plants 
than  cotton  being  utilized  on  account  of  the  attitude  adopted  by  Busck. 
Other  recorded  food-plants  are  hollyhock  (Alihcea)  on  which  plant 
it  has  been  found  in  Egyjit  by  Willcocks,  (and  possibly  in  India),  and 
Ahutilon  sp.,  recorded  by  King  in  the  Sudan,  and  Fletcher  in  India. 
The  fact  that  these  two  pairs  of  records  were  made  in  different  countries 
by  different  observers  would  seem  to  exclude  the  possibility  of  a  mere 
chance  straying  of  a  worm  on  to  a  pod  of  an  unsuitable  plant,  and 
pupating  there,  which  is  the  explanation  advanced  by  Busck  to  disprove 
records  which  he  does  not  agree  with,  as  for  instance,  the  records  for 
Thespesia  populnea  by  Fullaway.  This  last  record  has,  however,  not 
yet  been  confirmed  by  observations  by  other  workers.  Hibiscus  abel- 
moschus  was  recorded  as  a  host  at  the  Second  Indian  Entomological 
Meeting  by  Fletcher. 

We  further  consider  it  extremely  probable  that  the  Pink  Bollworm 
feeds  on  Malva  sylvesiris,  but  the  observation  is  not  sufficiently  estab- 
lished for  certainty. 

After  this  list  one  would  not  be  surprised  to  obtain  records  from 
other  malvaceous  plants.  We  have  however  searched  for  it  in  vain 
in  the  pods  of  melochia  or  Jew  Mallow  (Corchorus  oUtorius). 

The  record  formerly  given  for  pomegranates  must  be  withdrawn 
and  was  undoubtedly  based  on  error. 

The  eggs  are  minute  and  are  laid  singly,  or  in  small  groups  of  up  to 
ten.  They  are  to  be  found  on  the  bolls,  involucres,  leaves  and  axils 
of  leaves.  The  egg-stage  in  Eg}'pt  is  known  to  last  from  3-7  days. 
Busck  gives  the  period  as  4-12  days.  Owing  to  the  small  size  of  the 
eggs,  the  insect  carmot  be  controlled  at  this  stage. 

The  larval  stage  is  passed,  almost  entirely,  inside  the  part  of  the 
plant  attacked.  The  time  required  for  this  stage  as  given  by  Willcocks 
is  9—19  days.    Busck   found  20—30    daiys.     The    feeding     period  is 
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usually  immediately  followed  in  summer  by  spimiing  up  and  pupation, 
but  in  the  case  of  some  larvae,  especially  those  whose  feeding  period 
closes  in  the  late  autumn  or  winter,  it  is  followed  by  a  resting  j^eriod 
which  can  last  as  long  as  two  and  a  half  years,  perhaps  longer.  We 
apply  the  terms  "  short  cycle  "  larvae  to  those  worms  which  pupate 
immediately  after  feeding  and  "long  cycle"  or  "resting"  larvae  to 
such  as  intercalate  a  long  period  of  rest  between  feeding  and  pupating. 
Eesting  larvae  are  usually  found  spun  up  inside  hollow  seeds,  or  "  double" 
seeds.  A  "  double  "  seed  is  produced  in  the  following  manner  :  the 
larva  having  hollowed  out  a  seed,  attaches  another  seed  to  the  hollow 
one,  uniting  the  edges  of  the  opening  of  the  hollow  seed  to  the  new  seed 
by  silk  threads.  The  attachment  of  the  two  seeds  to  each  other  is 
very  firm  and  resists  the  action  of  the  gins.  The  second  seed  is  usually 
eaten  into.  When  no  second  seed  is  used,  resting  larvae  spin  up  the 
opening  of  the  seed  they  inhabit ;  double  seeds  often  contain  two  worms. 
It  is  not  an  infrequent  occurrence  for  the  larvae  to  use  more  than  two 
seeds  for  their  resting  shelter ;  as  many  as  six  seeds  have  been  found 
utilized  in  this  way.  The  seeds  comjjosing  "  double  "  seeds  usually 
vary  in  their  state  of  maturity.  The  original  hollow  one  is  usually 
in  the  red  umipe  stage  of  development,  the  next  seed  or  seeds  being 
black  or  ripe. 

The  presence  of  Gelechia  larvae  in  attacked  green  bolls  cannot  be 
noticed  without  cutting  open  the  boll,  as  the  entrance  hole  made  by 
the  larva  is  very  minute  and  the  larva  does  not  keep  it  open  nor  enlarge 
it  in-order  to  void  the  frass  as  Earias  larvae  do.  For  this  reason  it  is 
not  possible  to  control  the  Pink  Bollworm  b}'  collecting  attacked  green 
bolls.  When  full  fed,  short  cycle  larvae  leave  the  bolls  by  a  hole  they 
make.  This  hole  might  be  mistaken  for  the  work  of  an  Earias  larva, 
but  that  the  frass  left  by  such  larvae  is  wanting. 

The  winter  is  passed  in  the  larval  stage,  mostly  by  "  resting  "  larvae. 
However  in  the  months  January  to  March  1916  we  were  able  to  prove 
the  existence  of  a  very  slow-feeding  brood,  which  was  found  in  bolls 
collected  off  the  groimd  in  fields  previously  under  cotton,  but  culti- 
vated with  bersim,  beans,  wheat  or  barley.  (Bulletin  No.  4,  Technical 
and  Scientific  Service.) 

The  resting  stage  larvae  are  to  be  found  in  seeds  of  cotton,  okroe  and 
H.  cannabinus  during  the  winter.  First  picking  seed  by  March  contains 
only  very  few  larvae  as  compared  to  the  number  of  seeds  attacked, 
second  picking  seed  contains  a  greater  proportion  of  larvae.  From 
this  it  is  concluded  that  the  worms  infesting  the  bolls  at  the  time  of  the 
first  picking  are  mostly  short-cycle  larvae,  and  that  the  proportion  of 
long-cycle  larvae  increases  considerably  during  the  4  to  6  weeks  which 
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separate  the  first  from  the  second  picking.  This  is  confirmed  by 
breeding  results.  The  emergence  from  green  bolls  collected  between 
1st  September  and  10th  October  1917  gave  5  per  cent.,  from  11th  October 
to  end  of  November  23  per  cent,  long  cycle  moth's.  The  resting  period 
can  last  up  to  two  and  a  half  years. 

Unfortunately  it  is  not  possible  to  make  direct  observations,  by 
taking  out  and  isolating  larvae,  as  they  appear  to  react  immediately 
to  the  stimulus  of  the  interference,  and  thence-forward  to  behave  in 
a  manner  wliich  would  not  be  the  normal  one  if  no  interference  had 
taken  place. 

As  already  stated,  it  is  not  safe  to  base  any  conclu.sions  on 
the  beha^^our  of  larvse  put  into  unnatural  surroundings.  In  our  work 
we  have  always  recognized  tliis  as  a  fact,  and  in  our  endeavours  to  obtain 
information  have  frequently  had  recourse  to  indirect  methods,  utiUzing 
statistics  based  on  sufficiently  large  masses  of  figures.  Thus  the 
problem,  does  the  resting  stage  larva  feed,  has  been  tackled  by  the 
weighing  of  hundreds  of  larvse  at  intervals  during  several  months. 
Needless  to  say  the  larvse  were  extracted  from  the  seeds  they  inhabited 
immediately  before  weighing,  and  the  same  indixiduals  were  never 
used  twice.  They  were  weighed  -in  groups  of  one  hundred  together, 
several  groups  being  handled  each  time. 

The  result  obtained  shows  that  during  the  period  from  February  to 
June   there   is     a    continuous     and     significant    fall    in    weight     (see 
Plate  81).     This    does    not    necessarily    prove     that     the  larvse  were  • 
fasting,  but    it  certainly    shows  that    they    were  not    actually  making 
good  their  losses  in  substance. 

It  is  mainly  the  resting  stage  larvse  which  (in  Egypt)  serve  to  carry 
the  species  over  from  one  year  to  the  other.  They  are  found  almost 
exclusively  in  seed,  whether  in  seed  cotton,  ginned  seed  or  in  abandoned 
bolls  in  the  field. 

The  resting  stage  is  the  only  period  of  the  life-cycle  of  the  Pink 
Bollworm  during  which  it  can  be  controlled,  and,  acting  on  the  advice 
of  the  Entomological  Section  of  the  Ministry  of  Agriculture,  the  Egyptian 
legi.slator  has  seized  the  opportunity  given  by  the  insects  to  ensure 
its  destruction,  (a)  in  the  cotton  field  by  ordering  the  pulhng  up  of  the 
cotton  sticks  and  the  destruction  of  the  remaining  bolls  after  the  last 
picking,  and  consequently  ensuring  the  destruction  of  the  larvse  left 
in  the  field.  (6)  by  the  treatment  by  heat  or  fumigation  of  the  seed  in 
the  ginneries,  and  (c)  by  compulsory  screening  of  all  stores  where  seed 
cotton  or  cotton-seed  is  kept  during  the  period  from  May  to  August. 

Larvse  inhabiting  green  bolls  almost  invariably  leave  the  bolls  before 
pupating.     During  the  examination  of  three-c[uarters  of  a  million  bolls 
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in  1916,  1917  and  1918,  only  two  or  three  pupae  have  been  found.  Traces 
of  previous  occupation  were  very  frequent,  as  the  larvse  when  full  grown 
desert  the  boll  to  pupate  elsewhere.  We  have  observed  and  recorded 
in  1917  and  1918  about  50,000  such  traces  of  previous  occupation  (1917^ 
35,495  ;  1918, — 14,301).  We  cannot  therefore  give  unqualified  assent 
to  Busck's  statements. — "  The  larva  normally  makes  its  cocoon  and 
pupates  within  the  boll,  partly  within  the  last  seed  attacked  "  {Journal 
Agriculture  Research,  IX,  No.  10,  p.  353,  line  5)  and  "  under  normal 
conditions  in  the  field,  however,  the  pupation  nearly  always  takes  place 
within  the  boll "  {ihid..  line  19).  Larvae  arrived  in  a  seed-store  with 
seed  almost  invariably  leave  the  seed  and  pupate  in  the  angle  between 
the  line  of  contact  of  two  sacks  or  in  crevices  of  the  masonry  of  the 
walls,  or  between  the  floor-boards.  The  pupal  period  has  been  observed 
to  vary  from  10  days  to  2  weeks.  Busck  gives  it  as  10 — 20  days. 
Control  of  the  insect  at  this  stage  is  not  feasible  as  pupae  are  not  easily 
found  in  seed  stores,  even  when  abundant,  and  are  practically  unfind- 
able  outside.  Before  pupating,  the  caterpillar  spins  a  cocoon,  and 
requires  a  few  days  for  its  transformation. 

The  pupa  is  enclosed  in  a  silken  cocoon,  and  is  found  sometimes 
in  the  lint  of  an  open  boll,  on  the  soil,  under  refuse  in  the  fields  between 
the  bract  and  the  boll,  or  between  dead  leaves.  Willcocks  remarks 
on  their  frequence  in  fallen  flowers  on  the  ground,  and  in  fallen  bolls. 
Short-cycle  larvae  spin  only  one  cocoon,  that  in  which  the  pupa- 
tion takes  place,  whilst  long-cycle  larvae  spin  up  inside  hollow  seeds 
for  their  resting  period  and  leave  their  resting  place  to  spin  their  pupal 
cocoon,  which  is  more  elongate  and  loosely  woven  than  the  resting  shelter. 
Whilst  resting  they  are  doubled  up,  head  to  tail. 

The  moth  is  crepuscular  or  nocturnal  in  its  habits.  During  the 
day  it  is  very  difficult  to  find  in  fields,  or  in  seed-stores,  where  one  knows 
it  to  be  present ;  if  disturbed,  it  escapes  by  running  swiftly  and  hiding 
under  any  shelter  it  can  find. 

During  the  day-time  the  moth  very  rarely  takes  to  wing,  but  at 
night  it  can  fly  long  distances  when  circumstances  are  favourable.  At 
night  it  is  readily  attracted  to  artificial  light.  Unfortunately  light- 
iraps  do  not  form  a  reliable  method  of  control.  No  method  of  control 
during  the  adult  stage  seems  possible. 

Emergence  of  moths  from  the  long-cycle  brood  appears  to  depend 
very  considerably  upon  the  conditions  under  which  they  wintered. 
Thus  it  is  now  no  longer  possible  to  make  any  absolute  statement  of 
the  period  at  which  the  maximum  of  emergence  may  be  expected.  It 
has  been  found  that  the  larvae  living  in  bolls  lying  on  the  ground,  which 
•consequently  are  kept  slightly  moist,  are  earlier  to  emerge,  and  give 
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greater  quantities  of  moths  than  if  wintering  in  bolls  raised  up  on  a 
table  or  otherwise  sheltered  from  the  moisture  of  the  soil.  (See  Table 
YI  and  Plate  82).  These  results  are  only  just  beginning  to  come 
forward,  and  will  require  checking  by  a  few  more  seasons'  work  before 
generahzation  will  be  safe. 

From  breeding  results  obtained  in  the  course  of  1917-1918,  the 
following  conclusions  appear  to  be  justifiable. 

The  position  in  which  material  containing  Pink  Bollworms  is  kept 
has  a  distinct  influence  on  emergence  of  moths,  both  as  to  the  period 
of  the  year  in  which  the  main  emergence  may  take  place,  and  more 
especially  as  to  the  total  number  of  emergences.  Bolls  lying  on  the 
ground  appear  to  give  a  gre^ater  total  emergence  for  a  given  quantity, 
than  bolls  raised  off  the  ground ,  A  further  difference  is  found  between 
material  collected  early  and  late. 

A  series  of  breeding  experiments  made  by  Mr.  Adair  is  now  begin- 
ning to  give  information.  In  this  work  samples  of  fixed  numbers  of 
green  bolls,  of  open  bolls,  and  of  dead  bolls  were  collected  in  various 
parts  of  the  country  at  ten-day  intervals  from  1st  September  1917 
finishing  on  30th  November  1917. 

It  has  been  found  that  there  is  a  difference  in  the  emergence  curves 
for  early  and  late  samples,  11th  October  being  very  close  to  the  turning 
date.  In  very  many  cases  emergence  from  early  samples  was  more 
numerous  than  from  late  samples.  Here  parasites  may  have  had  some 
influence.     (See -Table  VII  and  Plate  83). 

A  very  puzzling  feature  is  the  diversity  in  emergence  from  green, 
open  and  dead  bolls.  (Green  bolls  were  bolls  which  were  unripe  at 
the  time  of  picking.  Open  bolls  were  recently  opened  bolls  which  would 
not  be  rejected  by  cultivators  taking  their  harvest ;  and  dead  bolls 
were  bolls  stopped  in  their  development  before  ripening  and  which  had 
dried  up  prematurely.)      (Plate  84). 

Ignoring  all  emergences  which  took  place  before  1st  April  1918, 
as  being  of  little  economic  importance,  we  find  that  of  the  emergence 
from  the  three  classes  that  from  the  "  dead  "  bolls  is  possibly  most 
readily  understood.  Picked  early  or  late,  we  find  practically  no 
emergence  of  moths  before  July.  Two-thirds  of  all  the  moths  left 
these  bolls  in  July  and  August,  but  emergence  was  continuous  to  the 
end  of  November.     (See  Table  VIII). 

Very  similar  results  were  obtained  from  the  early  green  bolls,  no 
emergence  before  July,  maximum  in  July  and  August,  and  steady 
numbers  till  the  end  of  our  observations  (30th  November  1918). 

Both  of  these  sets,  i.e.,  the  complete  "  dead  "  boll  and  the  early 
part  of  the  "green  boll"  gave  comparatively  few  emergences.     They 
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are  comparable  inter  se  in  other  ways.  The  "  dead  "  bolls  were  killed 
before  maturing  (by  the  Pink  Bollworm)  the  early  green  bolls  were 
killed  before  maturity  (by  picking)  or  ripened  prematurely.  Their 
curves,  as  has  been  stated,  are  very  similar,  and  are  composed  entirely 
of  "  long-cycle  "  moths.     (Plate  85.) 

The  late  green  bolls  are  at  first  sight  very  puzzUng.  Sixty-five 
per  cent,  of  the  emergences  from  this  lot  were  in  April  and  May,  followed 
by  none  at  all  in  June.  The  remaining  emergences  were  observed  in 
July,  August,  October  and  November. 

This  very  great  rush  of  emerging  moths  in  April  and  May 
is  characteristic  of  the  late  green  bolls  only.  The  "  open  "  bolls  have 
no  parallel  to  show.  In  their  case  the  emergence  curve  is  a  continuous 
one  over  the  whole  period,  a  little  steeper  in  the  case  of  moths  bred 
from  early  collected  material  than  from  that  collected  later. 

There  is  only  one  explanation  possible  by  which  the  late  "  green  " 
boll  curve  can  be  understood,  and  that  is  that  the  rush  of  moths  emerging 
in  April  and  May  did  not  belong  to  the  long-cycle  generation  at  all. 
It  seems  much  more  probable  that  they  belong  to  the  winter  genera- 
tion, which  I  mentioned  earlier.  All  that  we  know  of  this  winter  gene- 
ration has  been  found  out  by  the  statistical  method.  In  1916  I  drew 
attention  to  the  fact  that  in  bolls  collected  in  the  field  in  the  first  three 
months  of  the  year  there  were  varying  numbers  of  Gelechia  larvse  of 
small  and  medium  size.  The  number  of  small  and  medium  larvae  found 
in  January  was  approximately  in  agreement  with  the  number  of  medium- 
sized  ones  found  in  February,  whilst  in  March  small  and  medium  larvse 
were  almost  absent.  Nothing  further  was  known  of  this  winter-gene- 
ration until  these  breeding  results  came  forward.  It  was  considered 
not  possible  to  verify  the  existence  of  the  winter  generation  by  direct 
breeding  methods,  owing  to  the  intolerance  of  Pink  Bollworms  to  inter- 
ference. 

It  may  now  be  assumed  as  nearly  certain,  that  the  winter-genera- 
tion is  produced  by  eggs  laid  before  the  end  of  November  on  the  late 
green  bolls,  that,  owing  to  cold  conditions,  these  eggs  and  the  resultant 
larvae  mature  very  slowly — for  which  many  parallels  could  be  brought — 
and  that  the  winter-generation  mainly  belongs  to  the  short-cycle. 

As  to  the  relative  economic  value  of  worms  harbouring  in  green 
bolls,  open  bolls  and  dry  bolls,  it  may  be  stated  that  very  probably  the 
dead  bolls  are  the  least  and  the  open  bolls  the  most  dangerous. 
However,  the  worms  in  the  open  bolls  will  all  find  their  way  to  the 
giiineries,  where  a  warm  reception  is  provided  for  them  in  the  seed- 
treating  machines.  Of  the  bolls  remaining  in  the  field  the  green  ones 
are  by  far  the  most  important,  as  they  harbour  more  worms  per  unit 
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fhan  the  dead  bolls  ;  both  of  these  two  classes  of  bolls  are  emitting 
their  maximum  mimbers  of  long-cycle  moths  in  July  and  August,  that 
is,  at  the  very  time  when  the  cotton  plant  is  most  ready  to  receive  them- 
What  happens  to  the  moths  of  the  winter  generation  emerging  in  April 
and  May  is  yet  unknown.  Unless  they  can  manage  to  survive  into 
June  it  would  seem  probable  that  they  must  die  without  giving  rise 
to  new  descendants,  unless  they  utilize  ohroe.  Investigations  are 
planned  by  which  it  is  hoped  to  acquire  information  on  these  points. 
(See  Table  IX). 

The  moths  hide  away  in  dark  places  during  the  day-time,  and  are 
then  very  difficult  to  find.  In  seed  stores  where  one  knows  that  immense 
quantities  of  Uving  moths  must  be  present,  it  is  very  difficult  to  find 
them.  However,  by  turning  over  boards,  raking  in  the  seed,  and 
examining  between  sacks,  it  is  usually  possible  to  find  specimens.  Dead 
moths  are  most  abundant  on  the  sills  of  moth-screened  windows  and 
under  the  skyhghts  m  seed  stores.  In  the  fields  they  are  equally  well 
hidden,  and  more  difficult  to  find  as  there  are  more  hiding  plac6s  for 
them.  When  disturbed  in  the  day-time  they  very  rarely  fly,  but  scurry 
away  and  hide  as  soon  as  any  dark  cover  or  crack  presents  itself.  At 
night  they  are  attracted  to  artificial  light,  but  according  to  Willcocks' 
experiments  not  sufficiently  so  to  allow  light -traps  to  be  of  practical 
use  as  a  remedy.  The  attraction  to  light  is  however  quite  marked, 
and  is  utihzed  by  us  in  Cairo  in  obtaining  our  emergence  results.  In 
our  large  breeding  sheds,  and  also  in  one  of  the  largest  seed  stores  at 
Alexandria,  we  trap  the  moths,  which  would  otherwise  be  almost  impos- 
sible to  find,  in  this  way.  An  electric  light  of  20  candle-power 
is  suspended  about  15  cm.  above  a  basin  of  water,  on  whose  surface 
there  is  a  thin  film  of  petroleum.  We  also  employ  a  similar  trap  in 
the  open  in  our  garden  to  inform  us  of  the  frequence  of  the  insects  out- 
side our  experiments.  Our  recorded  catches  by  this  method  run  to 
71,372  Ymk  BoUworm  moths  (see  Table  X).  The  series  of  records  from 
the  Alexandria  seed  store  are  particularly  interesting.  Here,  during  a 
period  when  the  insects  were  being  caught  by  the  thousand,  the  light 
failed  on  two  occasions.  The  moths  also  failed  to  get  caught  on  those 
same  occasions  (see  Table  XI).  This  proves  that  it  was  not  the 
petroleum,  nor  the  water  which  was  the  principal  attraction,  but  the 
light  itself.  Against  this  I  must  again  quote  Busck  iloc.  cit.,  p.  355) 
"  From  very  many  varied  and  repeated  observations  under  different 
conditions  it  may  be  definitely  stated,  notwithstanding  the  many  other 
statements  to  the  contrary,  that  Pedinophoia  gossypiella  is  not  at- 
tracted to  light,  but  is,  on  the  contrary,  shy  of  all  light,  natural 
and  artificial." 
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The  following  data  were  collected  by  Ballou  when  working  at  Cairo, 
relative  to  the  time  of  flight  of  moth,  as  evidenced  by  traplight  captures. 
The  number  of  moths  caught  were  counted  at  half-hourly  intervals 
on    eight    different   nights. 

On  two  occasions  the  light  was  turned  on  one  hour  before  sun-set. 
Nothing    was  caught  on  either  of  these  occasions. 

The  total  number  of  moths  caught  during  the  eight  nights  was  4,278  ; 
of  these  3,321  were  taken  during  the  first  hour  after  dark  during  which 
the  light  was  burning.  In  this  respect  it  made  httle  difference  whether 
the  light  began  shining  before  sun-set  or  up  to  two  hours  after.  A  later 
time  was  not  tested  ;  in  every  case  the  bulk  of  the  catch  came  during 
the  first  hour  after  sun-set  during  which  the  light  was  on. 

The  Pink  Bollworm  breeds  continuously  from  April  onwards,  as 
long  as  there  are  cotton-plants  and  especially  cotton-bolls  for  it  to  feed 
on.  The  generations  overlap  each  other,  so  that  one  cannot  separate 
the  broods.  In  this  respect  it  resembles  Earias.  A  possible  cause 
for  this  is  the  stragghng  way  in  which  the  long-cycle  larvae  complete 
their  resting  stage.  At  Cairo  the  emergence  of  moths  from  the  resting 
larvfe  never  absolutely  ceases,  and  begins  to  rise  in  April,  reaching 
its  maximum  intensity  between  May  and  August.  The  maximum 
emergence  of  moths  belonging  to  short-cycle  larvae  takes  place  in  the 
autumn. 

It  has  already  been  stated  that  flowers  and  buds  are  attacked  to  a 
much  less  extent  than  bolls.  A  glance  at  Table  II  will  show  that 
the  absolute  maximum  of  infestation  of  buds  and  flowers  does  not 
coincide  ■with  the  period  of  maximum  presence  of  those  organs.  On 
the  contrary,  the  Pink  Bollworm  more  readily  selects  flowers  and  buds 
at  the  end  of  the  season  long  after  their  maximum  has  been  passed. 
The  reason  for  this  hes  in  the  fact  that  at  this  time  the  absolute  Fink 
Bollworm  population  is  greatest,  and  the  supply  of  green  bolls  is  falling. 
What  green  bolls  exist  are  frequently  multiply  infested.  Apparently 
the  stress  of  over-population  drives  the  insects  into  attacking  buds  and 
flowers  which  might  be  considered  to  be  unsuitable. 

Here  it  may  also  be  remarked  that  in  summer,  when  cotton  bolls 
are  plentiful  and  not  overpopulated,  okroe  and  H.  cannabiiivs  pods  are 
usually  not  attacked.  In  September  and  October  when  the  cotton 
boll  production  is  falling  off,  oJave  and  cannahinits  pods  are  increasingly 
attacked.  The  apparent  immunity  of  these  two  species  of  Hibiscus 
in  summer  is  due  to  the  cotton  acting  as  a  trap-crop  and  protecting 
them,  and  not  to  direct  immunity  (^ee  Table  IV). 

Since  1916  the  Entomological  Laboratory  has  every  summer  made 
an  examination  into  the  intensity  of  infestation  of  green  bolls  by  the 
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Pink  Bollworm.  Briefly  described,  the  material  for  investigation 
consists  of  fixed  numbers  of  green  bolls  taken  weekly  in  all  the  pro- 
vinces and  sent  in  for  examination.  It  is  desired  that  the  bolls  from 
any  province  shall  not  all  come  from  one  field  nor  from  a  single  village. 
This  scattering  of  the  samples  is  intended  to  improve  the  sampling 
for  each  province.  No  fear  need  be  entertained  of  individual  bias  being 
introduced  by  the  collectors,  as  it  is  impossible  to  judge  whether  green 
bolls  are  sound  or  attacked,  without  cutting  them  open. 

In  the  Laboratory  these  bolls  are  shced  through,  each  in  at  least 
three  places,  and  examined  for  larvae.  All  bolls  received  from  any 
province  between  Friday  and  Thursday  are  reckoned  together  as 
belonging  to  the  week  commencing  on  the  Friday.  The  samples  (about 
1,000  bolls  for  each  province)  are  worked  up  in  batches  of  100  bolls  for 
convenience  in  finding  percentages  and  for  probable-error  calculations 
should  such  be  required.  Each  operator  examines  his  100  bolls  ;  when 
finished  the  supervisor  checks  the  work  ;  thus  not  much  error  creeps 
through. 

As  a  result  of  these  examinations  we  can  now  give  certain  general 
results,  and  indicate  anticipated  ones  which  will  probably  be  gained 
when  we  have  a  sufficient  number  of  years'  work  behind  us  to  allow 
average  figures  to  be  made. 

The  seasonal  distribution  is  very  marked.  Every  year  we  commence 
in  the  Delta  in  July  with  only  a  few  per  cent,  of  the  bolls  infested.  The 
degree  of  infestation  progresses  slowly  but  steadily  until  about  one 
quarter  of  the  green  bolls  are  attacked.  Then  the  position  changes 
rapidly  ;  for  any  small  locality  about  three  weeks  suffice,  for  any 
province  or  for  the  Delta  four  or  five  weeks  will  find  75  per  cent,  and 
more  of  the  bolls  attacked.  The  end  is  always  the  same,  provided 
the  bolls  are  collected  late  enough  in  the  season,  namely  90  to  100  per 
cent,  infestation. 

What  the  croji  will  be  depends  on  the  period  when  the  25  per  cent, 
infestation  average  is  reached.  If  this  point  is  reached  early,  as 
compared  to  the  maturity  of  the  crop,  the  result  will  be  a  disaster  ;  if 
late,  it  will  mean  a  good  crop. 

Now,  100  per  cent,  infestation  at  the  end  of  the  season  sounds 
serious,  but  the  gravity  is  more  apparent  than  real.  The  green  bolls 
at  the  end  of  the  season  will  not  ripen  in  any  case,  and  are  consequently 
of  no  importance  except  as  preparing  the  next  year's  crop  of  worms. 
And  this  leads  to  the  next  consideration,  the  greatest  crop  of  worms 
in  green  bolls  is  not  at  the  period  when  the  percentage  of  attack  is 
highest,  but  at  an  earlier  period  when  the  green  boll  population  ia 
greater.     The  sudden  rise  in  the  percentage  of  attack  from  25  per  cent. 
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to  75  per  cent,  is  partly  due  to  decrease  in  number  of  green  bolls  avail- 
able accompanied  by  an  increase  in  the  actual  Pink  Bollworm  popula- 
tion. 

As  an  illustration  of  the  fact  that  the  greatest  Pink  Bolhvorm 
population  does  not  exist  at  the  time  of  the  highest  percentage  of  infes- 
tation some  figures  obtained  in  1917  may  be  quoted.  In  this  experi- 
ment the  average*  green  boll  population  for  100  cotton-trees  has  been 
recorded  for  each  week  from  that  commencing  on  9th  June  onwards 
until  that  starting  on  13th  October.  In  this  case  the  greatest  number 
of  attacked  bolls  observed  in  any  week  was  found  in  the  week  com- 
mencing 15th  September  when  580  out  of  a  total  908  bolls  or  61  per 
cent,  were  attacked.  In  the  last  week,  when  92  per  cent,  of  the  bolls 
were  infested,  there  were  only  59  bolls  to  be  attacked.     (Plate  86.) 

According  to  the  percentage  infestation  figures,  1918  was  better 
than  1917,  by  at  least  one  week.  Whether  this  would  correspond  to 
a  real  improvement  in  the  crop  or  not  depends  on  the  comparative 
dates  of  ripening  of  the  crops    for    the    two    years.     (See  Plate  86). 

One  point  comes  out  quite  clearly  to  my  mind.  Any  method  by 
which  the  cotton  crop  can  be  rendered  more  early  will  iiafallibly  place 
the  maximum  of  green  bolls  in  a  more  secure  position,  in  other  words 
will  reduce  attack.  Two  ways  present  themselves  as  leading  to  this 
result,  either  the  production  by  selection  of  an  earher-maturing  variety 
of  cotton,  or  making  existing  varieties  mature  earlier  by  cultural  means. 
The  new  cotton  is  still  wanting,  but  the  cultural  method  has 
been  devised  and  experimented  during  three  seasons  by  Mr.  Cartwright, 
Inspector  of  Agriculture  in  Gharbia  Province.  The  method  consists 
mainly  in  judicious  withholding  of  water  at  a  time  when  normal  jDractice 
is  giving  the  plants  more  than  they  need.  The  result  is  a  gain  of  two 
or  three  weeks  on  the  surrounding  crops,  with  a  considerable  gain  in 
the  harvest.  Incidentally  it  may  be  mentioned  that  a  gain  of  about 
3  weeks  would  eliminate  loss  of  at  least  10  per  cent,  of  the  crop. 

In  1918  an  attempt  was  made  to  obtain  some  information,  whilst 
exannining  bolls  for  percentages  of  infestation,  to  obtain  evidence  as 
to  the  age  of  bolls  when  attacked.  For  this  purpose  all  the  bolls  were, 
before  examination,  graded  in  a  boll-grading  macliine  which  automati- 
cally sorts  them  out  according  to  their  sizes  into  three  groups.  Grade 
A,  bolls  less  than  li  cm.  in  diameter  ;  Grade  B,  bolls  over  H  cm.  and 
less  than  2  cm.;  Grade  C,  all  larger  bolls.  At  the  same  time  the  worms 
were  recorded  as  small  {i.e.,  less  than  5  mm.  long),  medium  (5  to  10  mm.) 
or  large  (over  10  mm.).  There  appears  to  have  been  no  difficulty  in 
the  great  majority  of  cases  in  apportioning  the  worms  to  their  proper 
class.     The  method  is  admittedly  crude,  but  there  was  no  alternative 
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except  to  leave  the  whole  examination  alone  ;  it  must  be  remembcre<l 
that  nearly  a  quarter  of  a  milhon  bolls  are  dealt  with  annually,  the 
busiest  weeks  averaging  23-24,000  bolls  examined.  The  results  may 
be  summarized  briefly  as  follows  (see  Table  XII)  : — 

Grouping  together  all  the  bolls  examined  throughout  the  season, 
we  find  that  group  A  was  attacked  only  to  the  extent  of  4  per  cent.,  group 
B  to  20  per  cent.,  group  C  33  per  cent.  (This  includes  a  few  per  cent. 
Earias). 

Given  equal  numbers  of  bolls  of  all  three  groups — which  does  not 
occur  in  nature,  as  the  large  bolls  predominate — we  find  that  small 
worms  are  three  times  less  abundant  in  bolls  of  grade  A  than  in  either 
of  the  two  larger  grades.  Medium-sized  worms  are  seven  times  more 
abundant  in  bolls  of  grade  B  and  ten  times  more  abundant  in  grade  C 
than  in  grade  A.  Large  worms  are  eight  times  more  frequent  in  grade 
B  and  twenty  times  in  grade  C  than  in  A. 

Supposing  our  samples  to  have  been  approximately  representative 
in  the  proportions  contained  of  the  three  grades  (probably  grade  A  is 
however  under-represented),  then  small  worms  are  three  times  more 
abundant  in  grade  B  and  twenty-five  times  in  grade  C  than  in  grade  A. 
Medium-sized  worms  are  eight  and  eighty-six  times  more  abundant  in 
B  and  C  than  in  A,  and  large-sized  worms  nine  and  onj  hundred  and 
seventy- one  times  more  abundant  in  grades  B  and  C  than  in  A. 

All  this  probably  only  proves  that  the  older  grades  have  been  longer 
exposed  than  the  younger  ones.  But  it  is  conceivable  that  an  insect 
might  prefer  young  bolls  to  old  ones  ;  this  is  not  the  case  with  the  Pink 
Bollworm. 

From  an  investigation  made  in  1917  in  which  the  entire  spoils  of  at 
first  100  and  later  50  cotton-plants  were  examined  daily,  the  results 
of  which  it  is  hoped  will  be  published  more  in  extenso  elsewhere,  the 
following  observations  have  a  bearing  on  the  same  problem  of  the  age 
of  bolls  when  attacked.  In  this  case  no  attempt  had  been  made  to 
grade  the  bolls  or  larvae,  but  attention  was  given  to  recording  the  traces 
of  previous  occupation  of  a  boll  by  worms  which  had  left  the  boll,  and 
in  many  cases  it  was  found  that  a  boll  containing  larvEe  had  previously 
been  attacked  by  others.  Traces  of  previous  occupation  begin  to  be 
recorded  about  one  week  after  the  first  worms  had  been  seen,  and  there 
is  a  very  strong  correlation  (0'968  3^7  0-015)  between  the  attack  of 
one  week  and  the  "  traces  "  of  the  next  week,  especially  for  the  period 
of  eight  weeks  commencing  7th  July  and  ending  31st  August  and 
commencing  14th  July  and  ending  7th  September.  This  period  is 
selected  for  remark,  as  after  that  date  part  of  the  bolls  showing  '' 
would  have  ripened  and  no  longer  be  recorded. 
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An  examination  made  at  Tel  el  Kebir  tliis  year  has  brought  out 
that  after  the  last  picking  there  are  approximately  4  times  as  many 
bolls  on  the  trees,  as  on  the  ground  and  about  1  boll  per  tree ;  as  each 
boll  may  contain  up  to  six  or  seven  worms,  it  is  obvious  that  any  work 
done  in  destroying  bolls  must  be  of  use. 

The  damage  done  by  the  Pink  Bollworm  has  been  studied  very 
carefully  during  the  last  three  years.  A  prehminary  paper  on  this 
subject  was  pubhshed  early  in  1916,  since  when  an  enormous  mass  of 
data  has  been  obtained.  It  is  intended  to  publish  these  data  elsewhere, 
in  extenso,  but  the  main  results  may  be  summarized  here. 

It  was  already  indicated  in  1916  that  the  average  weight  of  sound 
seeds  that  develop  in  attacked  bolls  is  lowered  on  account  of  the  attack. 
It  has  now  been  shown  that  the  average  weight  decreases  in  proportion 
as  the  average  intensity  of  the  attack  increases.  The  correlation  between 
the  percentage  of  sound  seed  in  a  sample  and  the  average  weight  of  a 
sound  seed  in  that  sample  is  as  high  as  0-976 ±0-008.  Higher  correla- 
tion could  not  be  expected.     (Plate  87.) 

This  falling  in  weight  of  sound  seeds  developing  in  attacked  bolls 
has  further  been  shown  to  be  due  not  to  a  general  reduction  in  weight 
of  all  the  seeds  but  to  an  increase  in  the  percentage  of  the  smaller  weight 
seeds  at  the  «ost  of  the  heavier  grades.  This  has  been  worked  out  by 
weighing  the  seeds  from  a  long  series  of  bolls,  each  seed  separately 

This  year  we  have  obtained  the  further  indication  that  the  sound 
seeds  developed  in  sound  locks  of  attacked  bolls  are  inferior  in  weight 
to  sound  seeds  developed  in  perfectly  sound  bolls. 

As  in  1916  we  had  stated  that  there  were  strong  indications  that 
seed  developing  in  attacked  bolls  loses  some  of  its  power  of  germina- 
tion, this  problem  was  followed  up  to  see  how  far  the  loss  of  germina- 
tion is  proportional  to  intensity  of  attack.     (Plate  88.) 

The  correlation  between  the  proportion  of  sound  seed  in  a  sample 
and  the  germination  of  that  sound  seed  has  been  found  to  be  0-925 
^0-011,  which  again  is  very  liigh. 

This  problem  has  been  pursued  further,  and  by  germination  of  seeds 
carefully  weighed  singly  and  grouped  in  weight  groups  at  10  milligram 
intervals,  a  correlation  of  0-958 ^^0-014  has  been  found  between  weight 
of  seed  and  intensity  of  germination. 

It  has  further  been  found  that  attacked  bolls  do  not  form  so  many 
seeds  (sound  -plus  attacked)  as  sound  bolls.  The  reason  for  this  is  that, 
where  the  attack  takes  place  early  in  the  life  of  a  boll,  entire  seeds  are 
liable  to  be  totally  destroyed  without  leaving  traces.  The  correlation 
between  intensity  of  attack  and  reduction  in  number  of  seeds  was  found 
to  be  0-889±0-063. 
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Intensity  of  attack  is  always  calculated  above  by  the  proportion  of 
sound  to  damaged  seed.  Calculating  the  number  of  damaged  seed  in 
a  sample  is  always  a  difficult  and  tedious  task,  but  can  be  done  if  trouble 
is  taken.  None  of  the  samples  used  for  the  correlations  above  men- 
tioned were  made  for  that  purpose,  and  using  the  data  obtained  from 
them  for  correlations  was  not  considered  until  a  whole  year  after  the 
records  had  been  made.  They  were  originally  intended  for  use  for  a 
totally  different  purpose. 

That  seed  samples  which  have  been  damaged  will  be  deficient  in 
oil  is  evident,  but  has  not  been  investigated  by  us. 

The  effect  of  Pink  Bollworm  attack  on  the  lint  has  also  been  studied, 
Tjut  from  the  quantitative  side  only.  We  know  that  the  quality  suffers, 
but  have  not  yet  examined  this  aspect  of  the  question. 

Gimied  lint  can  only  be  studied  in  bulk,  and  can  only  be  understood 
in  connection  with  the  seed  from  which  it  was  derived. 

The  first  question  to  examine  was  the  effect  of  Pink  Bollworm  attack 
•on  the  percentage  lint. 

The  percentage  hnt  is  obtained  by  dividing  the  weight  of  lint,  after 
multiplying  the  lint-weight  by  one  hundred,  by  the  total  weight  of 
seed  cotton. 

Before  we  could  attempt  any  examination  along  these  lines,  we 
found  it  necessary  to  study  the  percentage  hnt  in  normal  samples  in 
order  to  understand  to  some  extent  the  problems  involved.  Very 
little  literature  was  available  beyond  the  writings  of  Balls,  which  did 
not  throw  much  light  on  this  subject. 

The  percentage  Hnt  of  any  lot  of  cotton  can  only  be  known  by 
examining  the  whole  lot.  The  errors  of  sampUng  are  great.  They 
consist  of  two  different  kinds,  («)  an  error  due  to  the  portion  of  the 
sample  examined  not  being  truly  representative  of  the  whole  lot,  and 
(b)  an  error  introduced  by  the  atmospheric  humidity  at  the  time  of 
weighing. 

To  make,  this  clear,  eighty  samples  of  about  100  bolls  each,  together 
forming  the  whole  lot  of  cotton  collected  in  an  uniform  field,  varied 
in  the  percentage  lint  from  29-5  per  cent,  to  32-2  per  cent. ;  the  whole 
lot  gave  31-1  per  cent.iO-Oi,  and  the  standard  deviation  was  0-6  per 
cent. 

The  error  introduced  by  the  atmospheric  humidity  can  be  quite 
great.  Lintweight  rises  and  falls  pari  passu  with  the  atmospheric 
humidity,  as  can  be  seen  from  Plates  89,  90.  In  this  case  the 
weight  was  recorded  by  a  spot  of  light  thrown  on  a  mirror  fixed  close 
to  the  knife-edge  of  a  chemical  balance  and  reflected  from  thence  on 
to  a  sheet  of  gas-light  paper  revolving  on  the  drum  of  the  hygrometer  ' 
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giving  the  liumidit}''  record.  The  curve  obtained  has  been  re-drawn 
on  the  humidity  chart.     One  gramme  of  lint  was  used. 

Seed-weight  is  also  a  variable  factor,  but  apparently  changes  with 
a  lag  of  a  few  hours,  as  can  be  seen  from  the  second  graph  made  in 
the  same  way  but  with  seed  instead  of  lint.  The  third  graph  made 
with  two  grammes  of  seed  on  one  pan  and  one  gramme  of  lint  a  one 
gramme  weight  shows  how  humidity  is  constantly  modifying  the  percent- 
age lint. 

There  is  no  correlation  between  seed- weight  and  percentage  lint ; 
on  the  other  hand,  the  correlation  between  the  lint  produced  per  seed 
and  percentage  lint  is  very  high,  as  was  to  be  expected.  (We  found 
it  to  be  0-905  ±0013).  The  correlation  between  lint  produced  per  boll 
and  percentage  hnt  is  lower,  being  calculated  from  the  same  samples 
at  0.367 ±0-064. 

These  being  the  limitations  of  the  percentage  lint  as  a  means  to 
gain  evidence  as  to  the  damage  done  by  the  Pink  Bollworm,  we  can 
proceed  to  apply  the  method.  And  it  may  in  advance  be  stated  that 
there  is  a  loss  of  lint  directly  proportionate  to  the  loss  of  seed  substance, 
involving  practically  no  fluctuation  of  the  percentage  lint. 

The  effect  of  GelecMa  attack  on  seed  cotton  is  to  decrease  the  pro- 
duction of  seed  and  lint.  For  the  seed  we  have  already  sho-mi  a 
decrease  (1)  in  numbers  matured,  (2)  in  weight  of  the  sound  seed  matured, 
(3)  actual  loss  of  substance  produced  in  attacked  seeds.  The  effect 
on  the  quantities  of  lint  produced  has  been  studied  indirectly  by  exami- 
nation of  the  percentages  of  lint. 

Obviously  the  suppressed  seeds  mature  no  lint,  and  are  piue  loss. 

It  has  not  been  possible  to  find  any  evidence  that  the  reduction 
in  weight  of  sound  seeds  from  attacked  bolls  is  accompanied  by  any 
change  in  the  percentage  of  lint  priJduced  by  such  seeds.  The  loss  of 
lint  in  such  sound  seeds  may  be  considered  i^roportionate  to  their  loss 
of  weight. 

The  changes  in  the  percentage  of  lint  produced  by  damaged  seeds 
are  more  difficult  to  summarize,  and  depend  to  some  extent  on  the  age 
of  the  seed  at  the  time  of  the  attack. 

(1)  If    the    seed    is  attacked  at  a  very  early  stage,  it  disappears 

entirely,  thus  causing  the  reduction  observed  in  the  average 
number  of  seeds  set  remarked  on  above. 

(2)  Attacked  slightly  later,  part  of  the  seed  remains  but  sets  no 

lint,  thus  causing  the  percentage  to  fall  to  0  per  cent. 

(3)  Attacked  when  nearing  complete  maturity,  no  damage  is  caused 

to  the  lint,  but  the  seed  loses  substance,  thus  causing  a 
rise  in  the  percentage  of  lint  observed. 
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Gelechia  attack  can  produce  results  ranging  from  total  suppression 
of  the  production  of  Jint  to  an  apparent  rise  in  the  percentage  of  lint 
produced. 

Table  XIII  has  been  prepared  to  show  the  limits  within  which 
fluctuations  may  under  the  present  conditions  (crop  1917)  be  most 
frequently  expected  to  lie.  All  the  samples  came  from  the  same  crop, 
being  Sakellaridis  grown  on  one  feddan  of  land  at  Gemmaiza  in  1917. 
For  the  purposes  of  this  examination  30  sets  of  100  sound  seeds  were 
selected  as  control,  with  30  sets  of  100  damaged  seeds  and  30  sets  of 
50  "  double  "  seeds  (=100  seeds  per  set)  for  comparison.  As  additional 
control  30  random  samples  each  of  about  150  grammes  weight  were 
taken  from  the  same  material. 

It  may  be  stated  at  once,  that  all  of  these  samples  with  the  exception 
of  the  random  ones  may  be  seriously  biassed  on  account  of  sampling. 
In  picking  out  the  sound  seeds,  the  operator  may  have  unintentionally 
selected  the  largest,  and,  in  selecting  the  damaged  seeds,  a  rather  more 
than  the  average  damage  may  be  expected  as  the  standard.  The 
"  double  "  seeds  are  on  the  other  hand  probably  quite  representative  ; 
as  being  rare  every  one  found  would  be  retained,  and  as  they  are  fairly 
easy  to  recognise  by  feeling  before  ginning,  all  those  encountered  would 
be  kept.  The  only  test  we  can  apply  for  unbiassed  sampling  is  by 
comparing  the  total  weight  of  the  3,000  seeds  in  question,  with 
the  average  weight  of  3,000  seeds  as  calculated  from  the  "  Gemmaiza 
crop  "  figures,  which  may  be  accepted  as  being  quite  free  from  bias, 
as  will  be  seen  later.  The  "  Gemmaiza  crop  "  samples  came  from  the 
same  field  as  the  others,  but  do  not  include  them. 

From  the  comparison  it  would  appear  that  the  sound  seeds  selected 
were  below  the  average  for  "  Gemmaiza  crop  "  sound  bolls.  This  was 
to  be  expected,  if  the  sampling  was  unbiassed,  as  in  the  seed  cotton 
from  which  the  seeds  were  selected  sound  and  attacked  bolls  were 
inextricably  mixed  together.  In  any  case  it  may  be  maintained,  that 
the  good  seeds  selected  were  not  above  the  average  in  weight.  Similarly 
it  will  be  seen  that  the  random  samples  varied  very  little  (about  1-5  per 
cent,  only)  in  weight  from  corresponding  quantities  of  "  Gemmaiza 
crop,"  of  the  same  quahty.  This  was  expected  in  this  case,  as  there 
was  no  reason  for  any  bias  to  be  introduced. 

The  "  Gemmaiza  crop  "  figures  have  a  greater  claim  to  be  accepted 
as  accurate.  There  is  no  possibility  of  errors  in  sampling  ;  the  entire 
yield  has  been  taken  under  circumstances  which  exclude  error  as  far  as 
is  possible  ;  the  sound  and  the  damaged  bolls  were  separated  from  each 
other  carefully,  and  although  a  small  percentage  of  attacked  bolls  was 
included  under  the  sound  ones,  the  proportion  of  attacked  seeds  wrongly 
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included  is  less  than  2  per  cent.  The  damaged  bolls  and  the  sound  bolls 
together  make  up  the  entire  yield  of  all  the  plants  from  which  they  were 
taken. 

It  will  be  seen  that  the  only  set  of  samples  needing  control  and  for 
whose  sampling  no  check  can  be  found  consists  of  the  damaged  seeds 
other  than  double  ones. 

The  following  conclusions  appear  to  be  justifiable  on  comparing  the 
percentages  of  Unt  of  all  the  samples  together  before  removal  of  the 
worms. 

The  30  sets  of  sound  seeds  approach  very  closely  in  their  percentage 
hnt  to  that  found  for  the  entire  crop,  the  diSerence  being  only  0'2  per 
cent.  ;  the  closeness  of  results,  in  view  of  the  small  size  of  the  sample, 
may  in  part  be  due  to  chance. 

The  30  sets  of  random  samples  are  also  not  very  far  out  in  percent- 
age lint,  being  0-7  per  cent,  in  excess. 

The  "  damaged  "  seeds  and  the  "  double  "  seeds  vary  most  fi-om 
the  normal,  as  was  to  be  expected,  but  it  is  almost  surprising  that  they 
varied  so  little.  The  "  damaged  "  seeds  are  only  1-5  per  cent,  above 
the  normal.  Remembering  that  the  sound  seeds  varied  to  half  this 
extent  from  the  normal  and  the  entire  bulk  of  the  30  samples  was 
in  itself  small,  it  is  questionable  how  much  significance  should  be 
attributed  to  the  figures.  On  the  other  hand  the  "  double  "  seeds  are 
3-75  per  cent,  below  the  normal.  In  their  case  part  at  least  of  the 
difference  may  be  real,  especially  as  a  certain  amount  of  the  lint  on 
both  components  is  probably  destroyed  by  the  worm  when  attacking 
the  seeds  together.  Hitherto,  we  have  been  reckoning  the  weight  of 
the  worms  in  with  the  seed  weight,  as  would  happen  at  a  ginnery  when 
calculating  gircning  outturn.  Obviously  the  weight  of  the  worm  com- 
pensates to  a  large  extent  for  the  lost  seed  weight  in  the  percentage 
lint  calculations.  However,  on  comparini;  the  total  weights  produced 
by  damaged  seeds  and  double  seeds  with  that  of  the  sound  seeds,  it  is 
very  obvious  that  a  considerable  loss  of  substance  has  occurred,  which 
strangely  enough  is  distributed  in  such  a  manner  that  Unt  and  seed 
plus  worm  are  in  very  nearly  the  same  proportions  as  lint  and  seed  in 
normal  seeds.  Removing  the  larvae  from  these  samples,  the  percent- 
age lint  rises  two  to  three  per  cent. 

The  "  Gemmaiza  crop  "  samples  are  much  bigger  individually  and 
together  than  the  sets  just  under  consideration.  Here,  as  was  normal, 
the  component  samples  varied  in  percentage  lint,  the  standard  devia- 
tion being  approximately  0-5  per  cent.  The  entire  samples  on  the 
other  hand  all  worked  out  to  340  per  cent,  hnt  (seed  weighed  including 
worms). 
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Even  supjjosing  the  sets  of  30  samples  of  "  damaged  "  and  "  double  " 
seeds  to  be  absolutely  representative  of  the  change  produced  in  the 
percentage  lint  of  such  seed,  it  may  be  lemembered  that  changes  of 
such  magnitude  would  not  occur  in  ordinary  samples,  as  100  per  cent.. 
infestation  of  seed  is  very  exceptional.  100  per  cent,  infestation  of  bolls 
does  not  necessarily  mean  more  than  6-6  per  cent,  infestation  of  the 
seed,  and  rarely  more  than  about  20  per  cent.  (Crop  conditions  1917). 
The  alteration  to  the  ultimate  percentage  lint  would  also  not  be  in  the 
ratio  percentage  infestation  x  abnormal  percentage  lint :  percentage 
sound  seeds  x  normal  percentage  lint,  but  would  be  altered  in  the  direc- 
tion of  the  normal  percentage  lint  by  the  less  weight  produced  by  the 
damaged  seeds. 

The  differences  in  direction  of  variation  of  percentage  lint  of 
double  and  ordinary  damaged  seeds  would  also  tend  to  ehminate  each 
other.  All  these  factors  together  help  to  keep  the  percentage  lint  close 
to  what'would  have  been  the  normal,  if  the  Pink  Bollworm  had  been 
absent. 

In  passing  it  may  be  remarked  that  the  ginning  outturns  published 
for  the  last  few  years  have  not  shown  any  fluctuations  which  can  be 
traced  to  damage  done  by  Gelechia.     (Plate  91). 

Tables  XIV  and  XV  have  been  compiled  (fiom  figures  supplied  by 
the  State  Domains  Administration,  to  whom  our  thanks  are  due)  to 
show  how  far  the  percentage  lint  in  Mitaffifi  and  Afiifi  has  varied  during 
the  period  1891-1917  and  in  Affifi,  Assili  and  Sakellaridis  in  the  period 
1911-1917. 

The  figures  for  Mitaffifi  and  Affifi  can  be  considered  comparable 
to  a  great  extent.  The  mean  percentage  lint  for  Mitaffifi  is  34-0,  for 
Affifi  34-1  ;  the  two  series  are  consequently  extremely  suitable  for 
-comparison  and  can  be  considered  as  forming  an  unbroken  series. 

The  first  point  that  calls  for  remark  is  that  for  every  year  durint^ 
the  whole  period  Qorashia  ginnery  has  never  given  a  lower  percentage 
lint  than  Sakha  ginnery,  and  in  all  but  two  years  it  has  given  a  higher 
percentage. 

The  second  point  is  that  the  simultaneous  difference  between  the 
percentages  obtained  by  the  two  ginneries  is  often  quite  as  large  or 
larger  than  the  yearly  fluctuations  from  the  mean  percentage. 

The  third  point  is  that  the  standard  deviation  for  Mitaffifi  (period 
1891-1912)  is  twice  as  great  as  that  for  Affifi  (period  1911-1917).  As 
Mitaffifi  was  grown  previous  to  the  introduction  of  Gelechia,  and  Affifi 
is  contemporaneous  with  that  pest,  it  is  evident  that  the  percentage 
lint  has  not  been  greatly  influenced,  if  at  all,  by  the  Pink  Bollworm. 
The  reduction  of  the  magnitude  of  the  standard  de^aatiou  however, 
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may  be  considered  to  be  connected  with  the  greater  purity  of  Affifi 
as  compared  to  Mitaffifi. 

Finally,  the  deviations  observed  nowhere  reach  three  times  the 
standard  deviation  and  may  not  have  any  real  significance. 

In  the  next  Table  are  recorded  the  percentages  of  lint  for  various 
varieties  for  the  period  1911-1917  which  just  covers  the  period  during 
which  GelecJiia  has  risen  from  insignificance  to  importance.  It  can 
here  again  be  pointed  out  that  none  of  the  fluctuations  shown  is  suffi- 
ciently large  to  be  significant. 

Finally,  comparing  the  standard  deviations  for  the  annual  varia- 
tions in  the  percentage  lint  with  the  standard  deviation  found  for  the 
samples  composing  the  crop  of  a  single  field  shown  on  Table  XIII  (com- 
parison of  sound  and  attacked  samples)  it  will  be  found  that  the  standard 
deviation  of  the  annual  variation  is  nearly  the  same  as  the  standard 
deviation  of  the  variation  of  the  percentage  hnt  of  various  parts  of  a 
single  crop. 

The  damage  done  to  the  crop  can  be  calculated  consequently  from 
the  seed  alone,  or  from  seed  cotton,  or  from  the  lint  alone.  Provided 
that  the  sampling  in  the  field  is  properly  done,  and  tliis  has  through- 
out been  found  to  be  the  most  difficult  part  of  the  work  to  get  done 
correctly,  the  rest  is  simj)le.  It  is  necessary  that  a  really  representa- 
tive sample  be  taken,  boll  by  boll,  each  boll  being  wrapped  separately 
in  paper.  For  this  purpose  all  the  ripe  bolls  of  a  large  number  of  trees 
are  required.  In  the  laboratory  the  bolls  are  picked  apart  and  examined 
for  damaged  seeds.  The  sound  bolls  are  counted  and  then  ginned 
together,  the  damaged  ones  likewise.  Before  ginning,  if  the  two  jjiles 
of  seed  cotton  are  weighed,  we  already  obtain  material  for  the  estima- 
tion of  the  damage.  The  loss  can  be  calculated  by  finding  the  total 
weight  of  all  the  seed  cotton,  and  subtracting  this  from  the  weight 
found  by  multiplying  the  average  weight  of  one  sound  boll  by  the  total 
number  of  bolls  used,  sound  or  attacked. 

The  loss  itself  is  however  composed  of  various  items,  which  are 
briefly  : — 

(1)  Reduced  weight  of    soimd  seeds  developed  in  attacked  bolls 

and  consequent  proportionate  loss  of  seed  and  lint  weight. 

(2)  Lost  substance  of  attacked  seeds,   and  proportionate  loss  of 

Unt. 

(3)  Total  loss  of  some  of  the  seeds  in  attacked  bolls,  and  total  loss 

of  the  lint  they  ought  to  produce.  Material  in  which  the 
bolls  have  been  carefully  separated  as  above  described, 
from  which  all  the  seed  has  been  carefuly  counted  and 
weighed,  can  be  tested  for  the  proportion  of  loss  due  to  each 
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of  the  three  modes  of  loss,  and  gives  quite  close  results, 
whether  dealt  with  as  seed  cotton,  or  whether  each  item  is 
separately  estimated  and  the  totals  added  together. 

The  total  damage  to  the  crop  week  for  week  in  one  field  in  1917 
was  thus  estimated  as  being  about  11  per  cent,  at  the  end  of  August 
increasing  to  about  19  per  cent,  by  the  end  of  the  season.  The  average 
damage  for  that  field  in  1917  was  probably  near  17  per  cent.,  a  figure 
Ballou  and  1  reached  by  a  totally  different  method  of  calculation  for 
the  year  1916  as  an  average  for  the  Delta.  The  work  on  the  1918  crop 
is  now  being  carried  out,  but  from  figures  received  at  the  time  of 
writing  (25th  December  1918)  the  first  picking  in  four  fields  calculated 
for  was  only  damaged  to  about  4  per  cent.  ;  the  second  pickings 
varied  more  than  the  first  in  respect  of  damage,  the  lowest  of  these 
gi\-ing  8  per  cent,  and  the  highest  29  per  cent.  The  actual  damage 
would  be  somewhere  between  6  j^er  cent,  in  the  least  damaged  field 
and  17  per  cent,  in  the  worst.  All  these  figures  are,  however,  still 
provisional,  and  subject  to  checking. 

Work  on  the  Pink  Bollworm  has  in  Egypt  been  done  practically  in 
ignorance  of  what  has  been  done  elsewhere,  especially  as  concerns  all 
work  prior  to  1916.  Our  Department  of  Agriculture  was  only  recently 
started  and  has  not  yet  been  developed.  For  this  reason  we  have  not 
frec]uently  quoted  previous  authors'  results  in  our  earlier  papers,  and 
for  the  same  reason  all  our  statements  have  been  made  entirely  on  our 
own  observations.  ,, 

Such  a  condition  has  its  good  and  its  bad  sides.  We  have  perhaps 
started  on  hnes  of  investigation  leading  nowhere,  which  a  little  reading 
would  have  helped  us  to  avoid.  It  has  on  the  other  hand  prevented 
us  taking  anybody's  results  for  granted,  and  has  made  us  much  more 
sure  on  points  where  we  claim  knowledge. 

In  1911  the  Pink  Bollworm  was  considered  to  be  a  rare  cotton  insect 
and  rather  a  curiosity.  There  was  then  no  old-established,  sufficiently 
complete  collection  of  insects  in  Cairo,  from  which  one  could  have 
gathered  the  information  that  the  rare  insect  was  a  probably  new 
importation.  Such  a  collection  now  exists  and  is  the  creation  and 
property  of  the  Entomological  Section.  Newly-introduced  pests  will 
in  futiu-e  be  hable  to  be  recognized  as  such,  at  an  earlier  date,  should 
the  misfortune  happen  that  they  evade  our  importation  restrictions. 

In  the  autumn  of  1912  it  was  fir.st  recognized  that  the  Pink  Boll- 
worm was  probably  a  recent  introduction,  on  account  of  a  severe 
outbreak  at  Abukir  near  Alexandria. 

In  the  early  months  of  1913  our  first  Plant  Protection  Law  {Loi 
No.  5  (hi  11  Mars  1913,  sur  la  Protection  des  Planfes  conire  les  Maladies 


494  rHOC'EEDIXGS    OF    THE    THIRD    EXTOIIOLOGICAI.    MEETiyu 

provenant  de  I'Etranger)  was  passed.  It  had  been  asked  for  before  the 
Pink  Bollworm  had  been  recognised  to  be  an  imijorted  pest,  and  was 
intended  to  act  as  a  safeguard  against  similar  occurrences.  The  Law 
proliibited  the  importation  of  unginned  cotton,  cotton-seed,  cotton-sticks 
and  hving  cotton-plants.  It  further  subjected  all  living  plants  introduced 
into  Egypt,  apart  from  a  few  exceptions,  to  be  fumigated  at  the 
port  of  entry.  This  law  was  replaced  three  years  later  by  a  new 
law  {Loi  No.  1  de  1916  svr  la  Protection  des  Plant es  contre  les  Mahdies 
provenant  de  I'Etranger)  which  prohibits  the  traffic  in  ginned  cotton  as 
well  as  cotton-seed  and  gives  improved  facilities  in  a  few  other  weak 
points  which  had  been  found  out  in  the  course  of  time.  Our  work  on 
the  methods  of  control  was  begun  in  1912  when  treatment  by  fumi- 
gating seed  in  sacks  was  tried.  At  that  time  the  insect  was  a  very 
minor  pest,  and  treatment  of  the  seed  in  bulk  could  not  be  thought  of 
on  account  of  the  opposition  expectable  from  the  ginneries. 

It  was  then  already  recognized  that  treatment  of  the  seed  alone 
would  lead  nowhere,  unless  treatment  of  the  rejected  bolls  in  the  field 
was  insisted  on. 

In  1913  we  concluded  that  whatever  steps  were  taken  to  free  the 
seed  from  worms,  the  seed  would  have  to  be  treated  in  bulk.  Further, 
that  it  would  be  as  absolutely  necessary  to  treat  all  the  seed  produced 
as  it  was  necessary  to  insist  on  the  destruction  of  all  the  bolls  left  on 
the  trees  after  the  last  picking  throughout  the  whole  country.  In 
dealing  with  an  insect  hke  the  Pink  Bollworm  one  must  insist  on  the 
widest  and  simultaneous  apphcation  of  the  measures  decided  on,  if 
any  relief  is  to  be  expected. 

The  methods  tested  in  1913  were  mechanical  and  chemical.  Of 
the  mechanical  methods  treatment  by  hot  water,  by  hot-air,  by  cold 
and  by  vacuum  were  tested.  It  was  found  possible  to  kill  the  worms 
by  immersion  in  hot  water,  without  injuring  the  germination  of  the 
seeds.  To  quote  from  a  paper  by  Gough  and  Storey,  "  The  fatal 
temperature  for  Gelechia  lari'ce  must  lie  very  close  to  50°  C,  as  50° 
applied  for  five  minutes  kills  ninety-seven  per  cent,  of  the  worms.  One 
minute  at  54°  was  not  sufficient  to  kill  all  the  worms,  but  two  minutes 
at  55°  were  absolutely  fatal  to  them.  Temperatures  of  55°  and  over 
were  invariably  fatal." 

The  temperature  hmits  of  the  seed  were  also  given : — "  Immersion 
in  hot  water  at  temperatures  of  50°  to  55°  appears  to  have  no  bad 
influence  on  the  germination.  However,  five  minutes  at  55°  appear 
to  have  stimulated  the  germination.  Stimulation  of  the  germination 
certainly  appears  to  take  place  after  immersion  for  one  minute  at  60°, 
65°,  and  70°,  though   longer  exposures  at  these  temperatures  still  appear 
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to  have  little  or  no  effect  on  the  seed.  At  75°  the  fatal  temperature 
for  cotton-seed  is  already  being  approached,  the  germination  after  five 
minutes  exposure  to  75°   falling." 

As  will  be  seen  later,  these  temperature  hmits  have  been  found  to 
apply  to  seed  treated  by  heat  by  other  methods,  now  being  applied 
commercially. 

Dry  heat  was  in  1913  also  experimented  with  and  was  found' to  kill 
the  worms  sufficiently  (100  per  cent.)  without  injuring  the  germina- 
tion of  the  seed.  We  gave  a  table  showing  temperature  of  the  air, 
time  required  and  results  to  worms  and  germination  confirming  our 
statements.  However,  we  failed  at  the  time  to  examine  the  extreme 
temperature  reached  by  the  seed,  and  thus  missed  obtaining  confirma- 
tion of  the  immersion  temperatures. 

Cold  temperatvu-es  to  — 6°  C.  were  tested,  but  found  ineffective. 

Worms  subjected  to  a  partial  vacuum  were  not  affected. 

Fumigation  with  hydrocyanic  acid  gas,  carbon  bisulphide,  and 
sulphur  dioxide  were  tested.  The  first  two  gave  good,  the  last  only 
partial  residts  (carbon  tetra-chloride  was  tested  at  a  later  date,  but  gave 
negative  results).  Ammonia  and  motor-spirit  were  tested,  giving  very 
poor  results,  and  tobacco  smoke,  giving  negative  results. 

Immersion  of  the  seed  in  Cyllin  solution  1  :  1000  for  24  hours  was 
found  satisfactory,  and  in  a  proprietory  insecticide  called  Salvatorine 
18  :  1 000  which  killed  both  worms  and  seed. 

About  the  time  when  these  experiments  were  being  made,  we  were 
informed  that  it  was  possible  to  electrocute  the  worms,  and  that  this 
.  method  led  to  satisfactory  results.     On  testing,  it  was  found  to  have 
practically  no  effect  on  the  worms. 

Of  the  methods  just  mentioned  the  heat  treatment  has  finally  been 
adopted  as  the  standard,  not  however  without  the  fumigation  method 
by  carbon  bisulphide  and  by  hydrocyanic  acid  gas  both  having  been 
tested  on  a  commercial  scale. 

The  carbon  bisulphide  method  was  tested  on  a  large  scale  in  a 
machine  built  entirely  in  Egypt  by  Messrs.  T.  Cook  &  Sous  to  the  order 
of  the  Ministry  of  Agriculture.  This  machine  was  originally  erected 
at  the  Domains  ginnery  at  Sakha,  and  has  since  been  re-erected  in  the 
grounds  of  the  Ministry  of  Agriculture  at  Cairo. 

The  machine  consists  of  six  vats,  connected  to  each  other  and  to 
an  air-pump  by  a  series  of  pipes.  The  vats  can  be  hermetically  closed. 
They  are  intended  to  be  filled  with  cotton-seed,  and  are  each  of  two 
cubic  metres  capacity.     An  opening  at  the  top    allows  for  filling  with 
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seed,  another  at  the  bottom  for  discharging  the  seed  into  sacks.  In 
the  system  of  pipes  is  inserted  an  evaporating  apparatus,  and  a  series 
of  taps.  It  is  possible  to  connect  any  one,  two  or  more  vats  with  the 
air-pump  and  with  the  evaporator.  In  practice  it  was  intended  to  fill 
one  vat  and  charge  it  with  carbon  bisulphide  gas.  "Whilst  the  gas  is 
acting  the  other  vats  would  be  filling.  Allowing  10  minutes  for  filling 
and  discharging  each  vat,  the  turn  of  each  for  action  would  come  round 
in  one  hour's  time,  during  which  its  contents  would  be  exposed  to  the 
gas.  After  this  time  the  gas  would  be  pumped  over  into  the  vat 
whose  turn  for  gassing  had  come,  and  a  fresh  dose  of  bisulphide  added. 
The  action  of  the  machine  was  perfect,  and  not  over  expensive,  but 
objections  were  raised  to  it  on  account  of  the  smell  created,  and  more 
particularly  on  account  of  the  danger  of  explosions.  The  Entomo- 
logical Section,  considering  that  hydrocyanic  acid  gas  was  too  danger- 
ous to  be  used  for  this  purpose,  consequently  turned  its  attention  to 
heat  treatment. 

In  the  meanwhile  the  possibility  of  hydrocyanic  acid  gas  treatment 
as  a  method  of  killing  worms  in  seed  was  advocated  by  a  member  of 
the  public  and  a  machine  was  constructed  at  Government  expense 
by  Messrs.  Sulzer,  of  Winterthur,  Switzerland.  It  consisted  of  a 
gas  generator  and  dryer,  an  air-pump,  and  six  vats  which,  in  contrast 
to  ours,  were  intended  to  withstand  a  partial  vacuum.  The  seed  was 
likewise  fed  in  at  the  top  and  withdrawn  at  the  bottom. 

Experimental  work  with  this  machine  in  1916  revealed  an  unexpected 
weakness.  At  temperatures  under  27°C.  the  gas  condensed  on  the 
seed,  and  action  was  imperfect.  To  obtain  reasonable  results  it  was 
consequently  necessary  to  heat  the  seed  previous  to  treatment,  if  its 
initial  temperature  was  too  low — a  condition  normal  in  winter.  The 
use  of  the  machine  has  never  advanced  beyond  the  experimental  stage. 
Its  initial  cost  will  prevent  its  adoption  by  ginneries,  as  the  standard 
heat-treating  machines  are  much  cheaper  both  in  initial  cost  and  in 
running  expenses. 

Prior  to  the  erection  of  this  machine  an  experimental  hot-air  machine 
had  in  1914  been  erected  by  Mr.  Crovisier  of  the  State  Domains  Adminis- 
tiation,  and  demonstrated  in  June  1914  simultaneously  with  our 
carbon  bisulphide  machine.  Although  successful,  it  was  rejected 
on  account  of  its  great  bulk  and  small  output.  It  consisted  of 
a  large  double-walled  box  four  metres  long  and  sixty  centimetres  high 
and  sixty  centimetres  broad  and  was  heated  by  a  number  of  steam  pipes . 
running  from  one  end  to  the  other.  An  endless  canvas  band,  kept 
in  position  by  means  of  a  leather  belt  at  either  side,  ran  into  the  box 
at  one  end  and  out  at  the  other,  passing  along  a  short  distance  above 
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"the  steam  pipes.  After  leaving  the  hot-air  chamber  the  band  was 
carried  back  on  rollers  underneath  the  box.  The  temperature  of  the 
hot-air  chamber  was  regulated  by  means  of  a  steam-tap  and  a  lever 
which  opened  two  ventilators  situated  under  the  box.  A  thermometer 
was  passed  through  a  hole  in  the  roof  until  its  bulb  was  situated  a  few 
centimetres  above  the  cloth  band.  The  seed  was  fed  on  to  the  band 
by  an  automatic  feeder  consisting  of  a  grooved  roller  revolving  under 
a  hopper  with  an  adjustable  outlet.  The  rollers  carrying  the  canvas 
band  were  connected  with  a  variable  gearing  apparatus  by  means  of 
which  the  speed  at  which  the  band  travelled  could  be  regulated. 

The  machine  was  tested  by  Mr.  Storey  in  June  1914.  It  was  found 
to  kill  the  worms  satisfactorily  without  affecting  the  germination  of 
the  seed,  but  was  only  able  to  treat  one  ardeb  of  seed  in  five  hours. 
This  machine  was  only  a  working  model. 

Our  carbon  bisulphide  machine  and  Crovisier's  machine  were 
•demonstrated  in  June  1914  to  a  meeting  of  ginners  and  other  persons 
interested  in  the  problem.  The  results  of  the  meeting  showed  that 
gimiers  would  object  more  to  any  machine  employing  a  poisonous  or 
explosive  gas  than  to  a  machine  whose  action  was  based  on  the  applica- 
tion of  heat.  The  Ministry  of  Agriculture  consequently  decided  to 
devote  special  attention  to  the  elaboration  of  a  machine  on  the  latter 
lines  and  to  have  a  working  model  erected. 

The  contract  was  given  to  Messrs.  T.  Cook  &  Sons,  Bulaq,  in 
January  1915,  and  the  machine  was  expected  to  be  delivered  by  the 
end  of  February.  Owing  to  the  war,  delivery  was  not  actually  made 
until  November  1915. 

The  machine  is  really  a  very  simple  one.  In  its  main  lines  it  consists 
of  a  furnace  for  the  generation  of  the  hot  air,  a  hot  air  chamber  through 
which  the  seed  passes,  and  a  motor  (Plate  92).  The  hot  air 
machine  is  a  rectangular  box  of  iron,  insulated  on  the  outside  by  asbestos 
to  avoid  loss  of  heat.  Internally  there  are  four  endless  bands  made 
of  iron  chains,  with  trays  on  which  the  seed  is  carried.  By  a  contri- 
vance the  seed,  after  having  been  carried  nearly  the  whole  journey  on 
the  upper  surface  of  the  upper  part  of  a  band,  is  discharged  on  to  the 
upper  surface  of  the  lower  part  of  the  same  band,  and  from  here,  after 
travelling  nearly  the  whole  journey,  it  is  again  discharged  on  to  the 
upper  surface  of  the  upper  part  of  the  next  band,  and  so  on,  until 
■finally  it  is  discharged  into  an  Archimedean  screw  conveyor  which 
carries  it  into  the  sacking  exit. 

The  seed  is  fed  in  at  the  top  of  the  machine  by  an  automatic  hopper, 
which  drops  in  exactly  the  quantity  of  seed  required  to  make  a  layer 
one  seed  deep  on  the  endless  bands. 
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A  fan  situated  near  the  feed-in  causes  a  continuous  draft  of  air  to 
circulate  through  the  machine.  The  air  is  exhausted  from  the  hot 
air  generator,  a  brick  chamber  surrounding  the  furnace. 

The  temperature  is  regulated  by  a  damper  which  opens  or  closes 
by  means  of  screw.  This  damper  is  interposed  between  the  hot  air 
generator  and  the  hot  air  chamber.  A  thermometer  passing  into  the 
body  of  the  hot  air  chamber  indicates  the  heat  of  the  air  at  that  part 
of  the  machine,  and  is  used  in  regulating  the  temperatures.  By  opening 
the  damper  as  soon  as  any  indication  of  a  fall  is  evident,  and  by  closing 
it  as  soon  as  a  rise  commences,  it  is  easily  possible  to  keep  the  machine 
regulated  to  plus  or  minus  half  a  degree  of  the  desired  temperature. 
This  regulation  could,  of  course,  be  made  automatic  if  necessary.  We 
did  not  fit  an  automatic  control  on  account  of  the  extra  expense. 

In  working  the  machine  the  following  factors  have  to  be 
considered  : — 

(1)  The  outside  temperature=the  temperature  of  the  seed. 

(2)  The  time  required  to  pass  through  the  machine. 

(3)  The  temperature  the  machine  is  regulated  to  give. 

(4)  The  temperature  of  the  seed  at  the  exit. 

Of  these  four  factors  the  last  is  the  most  important,  and  the  other 
three  factors  must  be  regulated  so  as  to  keep  the  temperature  of  the 
seed  at  the  exit  between  48°  C.  and  55°  C.  The  best  temperature  to 
regulate  for  is  50°C. 

When  working  the  machine,  the  time  required  for  the  seed  to  pass 
through  is  not  interfered  with  :  the  temperature  required  in  practice 
is  adually  obtained  by  observation  of  the  thermometer  situated  near 
the  regulating  damper,  these  readings  being  supplemented  and  corrected 
by  observations  of  the  temperature  of  the  seed  at  the  exit. 

The  temperature  regulated  for  is  not  so  important  as  the  tempera- 
ture of  the  seed  at  exit. 

This  machine,  which  was  quite  successful  in  killing  all  the  worms 
in  the  seed  without  injuring  germination,  was  used  for  the  treatment 
of  several  hundred  ardebs  of  seed,  much  of  which  was  intended  for 
exportation.  Much  of  the  work  done  with  it  was  of  great  importance, 
in  that  it  famiharized  us  with  the  problems  of  seed  treatment  by  heat 
before  the  introduction  of  other,  more  perfect  machines  ;  and  also 
that  the  results  obtained  in  the  growing  of  treated  seed  enabled  us  to 
counter  many,  one  might  almost  say  frivolous,  objections  which  were 
urged  by  interested  parties  when  opposing  legislation  compelUng  seed- 
treatment  in  the  gimieries. 
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The  small  output  of  tlie  machine,  about  4  ardebs  an  hour,  prevented 
its  adoption  on  a  commercial  scale.  It  had,  however,  excited  sufficient 
notice  to  the  problem,  and  as  a  consequence  other  machines  were  offered 
to  the  Ministry  of  Agriculture  for  testing,  in  which  seed  treatment  by- 
heat  is  applied.  The  first  of  these  other  machines  offered  us  was 
Messrs.  Simon's  machine  for  drying  malt. 

This  machine  consists  of  a  horizontal  cylinder  in  which  revolves 
a  skeleton  comprising  five  longitudinal  steam  pipes  and  an  equal  number 
of  bars  carrying  flanges  which  serve  to  mix  up  the  seed.  The  seed  is 
fed  at  the  top  at  one  end  of  the  cylinder  and  makes  its  way  out  through 
a  hole  in  the  side  near  the  other  end. 

The  machine  was  remarkably  successful,  especially  after  a  regular 
automatic  feed  was  fitted.  If  worked  properly,  it  kills  all  the  worms 
in  the  seed  without  affecting  the  germination  in  the  least.  It  had  long 
been  desired  to  force  the  giimers  to  kill  all  the  worms  in  the  seed.  Until 
this  machine  was  tested  it  had  not  been  possible  to  ask  for  legislation 
in  this  direction,  but  after  the  possibilities  of  this  apparatus  had  been 
demonstrated  there  was  no  longer  any  obstacle  to  legislation. 

As  a  consequence.  Law  No.  29  of  1916  was  passed,  which  orders 
that  every  ginnery  must  be  fitted  with  an  approved  machine  for  the 
destruction  of  the  worms  in  the  seed,  and  that  the  machines  must  be 
worked  to  the  satisfaction  of  the  Ministry  of  Agriculture.  The  Ministry 
was  given  the  power  to  enter  any  ginnery,  inspect,  take  samples  and, 
in  case  the  worms  are  not  being  killed,  to  stop  the  ginnery  and  to  destroy 
all  seed  containing  living  worms.  This  could  all  be  done  before 
obtaining  a  judgment.  If  found  gailty  of  contravening,  the  offender 
gets  off  with  a  fine  of  up  to  one  pound  and,  or,  one  week's  imprison- 
ment. The  judge  must,  however,  order  the  destruction  of  seed  con- 
taining living  worms  if  asked  to  do  so  by  the  public  prosecutor.  This 
power  to  stop  a  ginnery  from  working  and  to  destroy  seed  is  relied  on  as 
a  preventive,  the  legal  penalty  being  inadequate. 

The  passing  of  this  law  caused  still  more  interest  to  be  taken  by 
engineers  in  the  seed  treatment  problem,  and  many  more  machines 
were  presented  for  trial  or  in  plans.  An  account  of  all  of  these  is  given 
by  Storey  in  Bulletin  No.  14,  "  Machines  for  the  Treatment  oj  Cotton  Seed 
against  PinJc  Bollworm  (1918),"  from  which  paper  I  am  quoting  freely. 
In  this  place  I  intend  only  to  refer  to  the  two  most  successful  of  them, 
one  of  which  has  been  approved  by  the  Ministry  of  Agriculture  for 
erection  and  as  fulfilling  all  legal  requirements. 

The  simpler  of  the  two  is  Lenzi's  machine.  It  consists  of  a  long 
narrow  cylinder,  steam- jacketed  all  round,  in  which  revolves  an  axle 
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bearing  a  number  of  broad  propeller  blades  which  force  the  seed  from 
one  end  to  the  other. 

A  sample  of  seed  treated  at  55°C.  showed  complete  mortality  of 
the  worms,  but  about  5  per  cent,  of  the  seed  is  damaged  in  the  process. 
This  damage  must  certainly  be  due  to  the  overheating  of  a  number 
of  seeds  that  have  remained  too  long  in  direct  contact  with  the  heating 
surface.  It  was  observable  that  masses  of  seed  in  front  of  the  propeller 
blades  traversed  the  lower  part  of  each  revolution  en  masse  with  very 
little  movement  inter  se.  The  outermost  seeds  of  such  masses  would 
consequently  remain  in  contact  with  the  surface  of  the  steam-jacket 
for  a  considerable  period,  as  the  rate  of  revolution  was  very  slow. 
Obviousl}^  it  should  be  possible  to  overcome  this  defect  by  keeping 
the  seed  in  more  rapid  motion  during  its  passage  through  the  machine. 

Apart  from  this  one  remediable  defect  the  machine  was  very  satis- 
factory. In  a  trial  the  first  seed  that  came  tlirough  had  a  temperature 
of  50°  C.  which  rose  very  gradually  and  regularly  to  55°  C.  where  it 
remained  constant. 

The  other  machine,  known  as  the  Delta,  has  been  approved 
as  complying  -svith  the  requirements  of  the  law,  and  has  been  adopted 
by  some  of  the  ginneries.  One  has  been  working  with  very  satisfactory 
results  for  two  seasons  at  Beni-Suef.  It  is  practically  identical  in 
principle  with  Lenzi's  machine,  but  instead  of  consisting  of  a  single 
long  cylinder,  steam-jacketed  all  round,  it  consists  of  three  shorter 
cylinders,  placed  one  above  the  other,  and  steam- jacketed  on  the  lower 
half  only,  the  upper  half  being  a  lid  which  can  be  removed  so  as  to 
facihtate  the  cleaning  of  the  cyhnders.  In  each  cylinder  there  is  a 
revolving  framework  which  carries  on  its  circumference  a  spiral  band 
which  propels  the  seed  along  the  cyhnder,  and  a  number  of  longitu- 
dinal bars  which  keep  the  seed  in  constant  motion,  the  whole  framework 
revolving  quite  rapidly.  The  seed  enters  through  an  automatic  feeder 
at  one  end  of  the  uppermost  cylinder  and,  after  passing  through  the 
three  cyhnders,  is  delivered  at  the  other  end  of  the  bottom  C3dinder. 

In  more  recent  models  the  machine  has  been  made  to  consist  of  a 
single  cylinder  equal  in  length  to  the  three  component  ones  of  the  earlier 
pattern.  This  modification  was  introduced  in  order  to  let  the  machine 
fit  into  the  available  space  in  a  factory  with  less  alteration  to  building. 

Although  the  legislation  enforcing  seed-treatment  was  passed  in 
1916,  and  although  ginners  were  given  a  clear  year  in  which  to  supply 
themselves  with  the  necessary  machinery,  the  law  could  not  be  enforced 
until  1918,  because  of  the  difficulties  in  obtaining  machinery  in  war  time. 
This  difficulty  was  increased  by  the  want  of  interest  on  the  part  of 
some  of  the  ginners,  who  postponed  ordering  their  seed-treating  machines 
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'until  too  late.  However,  as  a  sufficient  number  of  machines 
was  ultimately  obtained  to  supply  the  needs  of  Upper  Egypt,  the  law 
has  been  applied  to  that  part  of  the  country  alone.  Lower  Egypt  will 
have  to  follow  suit  next  ginning  season. 

The  enforcement  of  this  law  has  hitherto  not  presented  any  special 
difficulties.  Some  of  the  factories  in  Upper  Egypt,  which  had  received 
their  machinery  in  1917,  treated  a  large  quantity  of  seed  in  that  season. 
Although  the  law  was  not  operative  we  were  given  the  opportunity 
to  study  the  methods  of  control,  and  thus  to  be  able  to  start  with  a 
definite  routine  at  the  beginning  of  this  season. 

The  working  of  the  machines  is  controlled  by  germination  tests 
and  worm  tests.  For  this  purpose  we  rely  on  two  sets  of  samples  ; 
a  voluntary  set  of  five  samples  of  about  500  grammes  each,  sent  on 
each  working  day  by  the  ginner,  and  occasional  surprise  samples  taken 
by  oiu-  own  agents. 

On  the  arrival  of  samples  at  the  Laboratory  they  are  registered. 
Then  50  grammes  (or  about  500  seeds)  from  each  sample  are  germinated, 
the  remainder  of  the  material  received  being  searched  through  for  hving 
worms.  If  any  unsatisfactory  result  is  obtained  in  germination,  a 
further  50  grammes  from  the  same  sample  is  immediately  germinated. 
Ginners  are  notified  immediately  of  spoilt  seed  and  of  living  worms 
found.  So  far  only  one  has  had  to  have  further  proceedings  taken 
against  him,  for  continuous  and  habitual  disregard  of  warnings. 

Economic  entomology  is  hopelessly  mixed  up  with  botany,  in  fact 
cannot  be  separated  from  it.  Thus  we  have  evolved  quite  a  technique 
for  our  germination  routine,  which  as  it  may  be  of  use  to  others  dealing 
with  the  same  problem  is  here  shortly  described. 

Our  germination  is  all  done  at  a  uniform  temperature  of  30°C.  to 
27°  C.  As  we  have  to  deal  with  very  large  numbers  of  samples,  we 
have  converted  a  room  measuring  3-5  metres  by  3-5  metres  into  an 
incubator.  The  windows  and  door  are  double,  having  an  air-lock  of 
about  50  cm.  width.  The  ceihng  has  been  lowered,  a  straw  matting 
forming  a  false  ceihng  at  3  metres  from  the  ground.  The  heat  is  supphed 
by  a  hot  water  radiator,  heated  by  gas. '  A  regulator  made  in  Cairo  to 
our  own  design,  actuated  by  a  Hearson's  capsule,  admits  only  the 
quantity  of  gas  necessary  to  give  the  heat  required. 

Shelving  all  round  the  room  gives  space  for  4000  germinating  dishes 
at  a  time.  Our  dishes  are  native  made,  glazed  earthenware,  about 
20  cm.  wide  by  5  cm.  deep.  The  seed  is  placed  on  a  sheet  of  felt  and 
covered  by  another  sheet  of  felt.  One  hundred  cc.  of  warm  water  is 
given  to  each  sample  to  start  germination ;  the  water  is  drained  off 
and  replaced  by  fresh  water  after  24  hours.     Germination  is  complete 
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in  48  hours.  The  dishes,  when  in  use  are  piled  one  on  top  of  the  other, 
so  as  to  act  as  lids.     On  the  top  of  a  stack  comes  an  empty  dish. 

After  each  germination  the  felt  discs  are  washed  in  copper  sulphate 
solution  (1  :  1000). 

Before  using  this  method  we  used  to  employ  Petri  dishes  and  blotting 
paper,  each  dish  taking  at  the  most  100  seeds.  The  dishes  were  in 
those  days  placed  in  an  ordinary  Hearson's  incubator.  It  was  of  course 
not  possible  to  work  on  a  large  scale  in  this  way,  especially  as  rotting 
of  samples  used  to  be  very  frequent.  We  have  not  had  a  single  rotted 
sample  since  using  our  newer  method,  and  have  germinated  without 
difficulty  over  two  milhon  three  hundred  thousand  seeds. 

After  germination  is  complete,  the  seeds  are  sorted  and  counted. 
Forty-eight  hours  under  the  conditions  described  produces  rootlets 
of  three  and  more  centimetres  in  length  greatly  faciUtating  discrimina- 
tion. The  non-germinated,  seed  is  previous  to  counting  resorted  into 
whole  and  attacked  seed.  For  the  purposes  of  the  tests  the  attacked 
seed  is  not  recorded  for  germination  ;  its  numbers  are  however  recorded 
for  the  purpose  of  estimating  extent  of  attack. 

Samples  of  500  seeds  give  a  probable  error  of  about  2  per  cent,  for 
germination.  The  average  germination  of  sound  Upper  Egypt  seed  is 
near  90  per  cent.,  Lower  Egypt  seed  near  82  per  cent.  It  is  suspected 
that  the  non-viable  seeds  have  very  probably  lost  their  vitality  owing 
to  puncture  by  Oxycaremis. 

The  following  statistics  relating  to  the  first  three  months'  working 
of  the  law  may  be  of  interest. 

There  are  24  factories  working  under  the  law,  each  one  of  which 
was  inspected  before  ginning  commenced  in  order  to  verify  the  existence 
and  proper  fitting  of  the  machinery. 

Our  inspector,  sub-inspector  and  moawens  [assistants]  have  made 
310  visits  and  taken  1,063  samples  and  ginners  have  forwarded  3,650 
samples  and  these  4,713  samples  have  been  examined  for  worms  or 
germinated.  In  these  239  samples  were  foimd  to  contain  Hving  worms  ; 
18,273  larvae  were  found  of  which  17,734  dead,  or  97  per  cent,  mortahty  ; 
and  37  samples  were  found  to  have  been  burnt.  2,313,834  seeds  have 
been  germinated  of  which  281,257  failed,  giving  88  per  cent,  germina- 
tion. 

Considering  that  this  is  the  first  year  that  the  majority  of 
the  factories  have  worked  the  seed-treating  machines,  this  is  a  very 
creditable  result  for  them. 

It  may  be  mentioned  here  that  the  percentage  of  germination  fluctu- 
ates from  district  to  district,  but  appears  to  be  very  constant  within  each 
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district.  This  is  one  of  the  reasons  why  we  suspect  a  seed-sucking 
insect  of  damaging  the  germination. 

Law  No.  29  of  1916,  in  addition  to  ordering  the  treatment  of  all 
seed  in  the  ginneries,  regulated  the  storage  of  cotton-seed  and  seed- 
cotton  during  the  months  May  to  August.  During  this  period  all 
cotton-seed  and  seed-cotton  must  be  kept  in  Ucensed  stores.  Licenses 
for  stores  are  only  granted,  after  inspection,  if  the  stores  are  properly 
moth-proof.  All  windows  must  be  screened  with  wire-gauze  or  cloth, 
and  the  doors  must  be  kept  shut  at  night.  This  part  of  the  law  was 
enforced  only  in  1916  ;  it  was  found  impossible  to  enforce  it  in  1917- 
1918,  on  account  of  the  shipping  difficulty  which  it  was  anticipated 
would  enormously  increase  the  quantities  of  cotton-seed  kept  in  Egypt 
during  the  summer. 

Prior  to  its  apphcation  the  cotton  merchants  feared  that  the  screens 
would  interfere  unduly  with  ventilation,  and  that  they  would  soon 
get  clogged  with  particles  of  fibre.  Some  of  the  stores  were  conse- 
quently fitted  with  closable  screens,  which  were  left  open  all  day  and 
shut  at  night.  Other  stores  were  fitted  with  permanent  screens :  from 
inspection  of  such  screens  after  the  end  of  the  season  the  fear  that  the 
ventilation  would  be  seriously  interfered  with  appears  to  have  been 
unnecessary. 

Owing  to  the  habits  of  the  moth,  as  already  mentioned  earher,  there 
is  no  fear  whatever  that  they  may  escape'through  open  doors  or  windows 
during  the  day. 

In  1909,  before  the  Pink  Bollworm  had  become  known  as  a  pest 
on  cotton  in  Egypt,  a  law  was  passed  prescribing  the  measures  to  be 
taken  against  the  Bollworm  {Earias  insulana).  This  law  (No.  7  of 
1909)  prescribed  the  pulling  up  of  all  okroe  and  Hibiscus  cannahinus 
plants  by  the  roots,  and  the  pulling  up  of  cotton  or  the  cutting  of  its 
roots  in  such  a  manner  that  it  could  not  sprout  again.  If  the  existence 
of  non-uprooted  plants  of  these  three  species  between  the  1st  of  January 
and  the  end  of  March  on  lands  where  they  had  previously  been  grown 
was  noticed,  the  local  authorities  were  to  have  them  pulled  up,  the 
cost  of  the  procedure  being  recovered  from  the  owner  of  the  land  by 
the  administrative  channel.  Exceptions  were  made  for  certain  dis- 
tricts in  the  North  of  Behera,  Gharbia  and  Sharkia  provinces,  where 
ratoon  cotton  was  customarily  grown. 

It  was  hoped  by  this  law  to  restrict  the  damage  done  by  Earias 
by  making  a  period  of  three  months  during  which  it  could  not  find  any 
food-supply  ;  speaking  from  knowledge  acquired  later  from  experience, 
the  last  date  for  pulling  up  the  plants  was  much  too  late  to  be  of  much 
use,  without  simultaneous  destruction  of  the  bolls,  which  was  not  ordered. 
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111  1912,  after  tie  formation  of  the  Department  of  Agriculture,  this 
law  was  revised  and  replaced  by  Law  19  of  1912.  It  was  now  provided 
that  in  all  the  provinces  south  of  Gizeh  (Upper  Egypt)  the  last  date 
for  pulling  up  the  cotton-sticks  and  the  okroe  and  H.  cannahinus  should 
be  15th  December  of  each  j^ear.  The  other,  more  northern,  provinces 
were  given  until  31st  December.  Exceptions  were  made  for  the  most 
northern  sub-districts  in  which  15th  January  was  the  final  date.  Owing 
to  intense  opposition  encountered  when  preparing  the  law,  ratoon  cotton, 
had  to-be  permitted.  The  growing  of  ratoon  cotton  was  however  regu- 
lated ;  the  ratooning  plants  had  to  be  cut  down  to  15  cm.  above  the 
ground,  sheep  had  to  be  pastured  in  the  cotton  fields  before  this  cutting 
down  of  the  plants  in  order  to  eat  the  leaves  and  bolls,  and  any  leaves 
or  bolls  left,  after  their  passage  were  to  be  swept  up  and  burnt  before 
the  cotton-sticks  might  be  cut  or  heaped  up.  If  all  this  treatment' were 
not  applied  before  15th  January  then  the  exception  granted  for  the 
ratoon  fields  was  annulled,  and  the  land  was  to  be  treated  as  if  no  exemp- 
tion had  been  granted. 

As  in  the  previous  law,  all  cotton,  okroe  or  H.  cannabvmis  found 
growing  after  the  prescribed  date  was  to  be  pulled  up  and  destroyed 
by  the  local  authorities,  costs  being  recovered  by  the  administrative 
channel. 

A  weak  point  in  both  these  laws  was  the  inadequate  penalties.  The 
Capitulations  limit  the  penalties  to  one  pound  or  one  week's  imprison- 
ment or  both. 

In  1912  the  first  serious  outbreak  of  the  Pink  Bollworm  occurred 
at  Abukir  near  Alexandria.  In  the  next  year  it  became  more  or  less 
general  throughout  the  Delta,  and  was  noticed  in  Upper  Egypt  (where 
we  know  of  its  occurrence,  however,  since  1911). 

This  outbreak  of  the  Pink  Bollworm,  whose  very  serious  nature 
was  recognized  in  the  autumn  of  1913 — in  the  summer  of  1912  one 
still  was  of  the  opinion  that  it  was  a  native  insect — led  during  the  summer 
of  1914  to  the  issuing  of  Law  No.  4  of  1914,  which  ordered  that  each 
year  after  the  cotton  harvest,  all  bolls  adhering  to  the  plants  were  to  be 
removed  and  burnt.  This  operation  was  to  be  executed  15  days  before 
the  date  fixed  as  the  last  one  before  which  all  plants  must  be  pulled  up. 
In  case  of  non-execution  of  the  boll-picking  the  plants  were  to  be  seized 
and  burnt. 

In  the  hght  of  after-events  it  did  not  go  far  enough.  The  dates 
fixed  were  much  too  late  to  do  any  good  and  the  la'w  made  no  mention 
of  the  fallen  bolls.  The  burning  of  the  sticks  was,  however,  a  penalty 
which  would  induce  most  landowners  to  comply  after  a  fashion. 
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The  question  of  removal  of  bolls  from  tlie  cotton-sticks  before  or 
after  pulling  the  sticks  was  not  an  important  one  from  the  theoretic 
side.  It  was  however  considered  important  by  the  inspectors  who 
had  to  administer  the  law. 

This  law"  was  operative  for  two  years  and  the  organization  used 
was  similar  to  that  then  recently  introduced  for  the  Cotton  worm, 
campaigns.  The  Mudir  [Provincial  Governor]  was  in  supreme  command 
in  his  pro^^ncc,  and  was  assisted  by  the  Inspector  of  Agriculture.  Eachi 
province  was  divided  into  zones,  the  charge  of  which  was  entrusted 
to  the  Mamurs  [District  Officers]  and  these  had  the  help  of  the  Moawens 
[Assistants]  of  Agriculture.  In  the  villages  the  Omdehs  [headmen] 
were  responsible  for  the  whole  village  lands,  but  deputed  the  control  of 
portions  of  their  command  to  the  Sheikhs  of  the  village. 

A  campaign  of  publicity  was  organized  before  the  commencement 
of  the  work,  in  which  the  villagers  were  told  what  was  wanted  of  them,, 
and  why. 

It  was  ordered  that  a  special  spot  be  set  aside  in  each  field,  marked 
with  a  red  flag,  for  the  burning  of  the  bolls.  The  Sheikhs  were  instructed 
to  supervise  the  burning  personally,  and  the  Moawens  of  Agricul- 
ture and  administrative  staff  were  specially  asked  to  give  this  work 
personal  attention  as  far  as  possible. 

Cotton-sticks  were  to  be  burnt  if  found  standing  with  the  bolls  after 
the  date  fixed,  or  if  found  cut  or  pulled  without  the  bolls  having  been 
removed.  Any  expenses  connected  with  the  burning  were  charged 
to  the  owner  of  the  sticks. 

No  sticks  were  allowed  to  be  pulled  before  the  bolls  were  removed. 
A  written  permission  had  to  be  obtained  from  the  Sheikh  for  this  purpose, 
_  the  Sheikh  verifymg  the  facts  before  giving  the  permit.  The  neces- 
sary routine  for  reporting  to  the  Head  Office  was  also  worked  out  in 
advance. 

The  campaign  of  1915  was  very  vigorously  carried  out,  but  it  soon 
became  evident  that  the  final  dates  allowed  were  much  too  late  to  be  of 
practical  use  ;  and  what  is  worse,  the  law  taking  no  notice  of  fallen 
bolls,  many  cultivators  simphfied  matters  for  themselves  by  merely 
beating  the  bolls  off  the  trees  instead  of  picking  and  burning  them. 
A  modification  of  the  law  consequently  became  necessary.  Our  pre- 
vious experience  was  consequently  again  embodied  in  legislation,  the 
result  being  Law  No.  17  of  1916. 

This  law  is  the  first  one  which  was  drafted  specially  against  the 
Pink  BoUworm.  The  previous  ones  had  been  based  on  E arias  legisla- 
tion, and  were  patchwork,  having  the  defects  of  patchwork. 
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The  new  law  runs  much  on  the  same  lines  as  the  previous  ones,  but 
introduced  several  new  points. 

The  last  dates  on  which  cotton,  okrne,  and  H.  cannabinus  had  to 
be  pulled  up,  or  have  their  roots  cut  in  such  a  way  that  they  could  not 
grow  again,  were  not  altered.  No  exceptions  could  be  granted  for 
ratoon  cotton. 

Every  year,  immediately  after  the  harvest,  and  in  every  case  before 
the  dates  fixed  annually  for  each  district  or  zone  by  the  Ministry  of 
Agriculture  after  consultation  with  the  Provincial  Councils,  all  the 
bolls  remaining  on  the  cotton  plants  or  lying  on  the  ground  must  be 
collected  and  destroyed  by  one  of  the  means  prescribed  by  the  Ministry 
of  Agriculture.  The  removal  and  destruction  of  the  bolls  must  be 
accomphshed  before  pulhng  up  the  sticks.  Independently  of  the  trivial 
punishments  which  it  was  possible  to  inflict  on  account  of  the  Capitula- 
tions, the  local  authorities  or  the  agents  authorized  by  the  Ministry 
of  Agriculture  were  empowered,  in  the  case  of  plants  left  standing  beyond 
the  final  date,  to  have  the  plants  pulled  up  by  the  owner  under 
their  supervision,  or,  if  necessary,  to  have  the  work  done  by  labour 
supplied  by  themselves. 

Secondly,  in  case  the  bolls  had  not  been  removed  by  the  date  fixed, 
to  supervise  the  removal  and  destruction  by  the  owner  of  all  bolls  left 
on  the  trees,  or,  if  necessary,  to  have  the  work  done  by  labour  supplied 
by  themselves. 

Thirdly,  to  seize  and  destroy  bolls  which  had  been  collected,  but 
which  the  cultivator  had  not  destroyed. 

Fourthly,  to  seize  and  destroy  cotton-plants  which  had  been  pulled 
up  before  being  cleaned. 

The  cost  of  all  these  operations  would  be  charged  to  the  owner  of 
the  plants,  and  could  be  recovered  administratively. 

The  transport  of  uncleaned  or  insufficiently  cleaned  sticks  was 
prohibited  ;  such  sticks  if  found  could  be  seized  and  destroyed  by  the 
local  authorities  or  by  authorized  agents  of  the  Ministry  of  Agriculture. 

It  will  be  seen  that  this  law  gives  sufficient  power  to  the  adminis- 
tration to  ensure  the  proper  cleaning  up  to  the  cotton-fields  after  the 
harvest,  and,  taken  in  conjunction  with  the  law  enforcing  the  treatment 
of  seed  in  the  ginneries  and  screening  of  seed-stores,  theoretically  gets 
at  all  the  possible  lurking  places  of  the  Pink  Bollworm. 

Some  criticism  of  the  law  may  however  be  permitted.  The  clause 
compelling  pulling  of  bolls  previous  to  uprooting  the  cotton-sticks  was 
not  asked  for  for  entomological  but  administrative  reasons.  As  already 
stated,  the  penalties  were  inadequate,  the  maximum  one  being  one  pound 
or  one  week's  imprisonment,  or  both.     In  almost  every  case  it  would 
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pay  to  suffer  the  maximum  penalty  rather  thau  to  do  the  work.  It 
was  for  this  reason  that  the  law  had  to  allow  the  Ministry  of  Agricul- 
ture to  intervene  and  do  the  work  at  the  owner's  exj^ense.  The  judges, 
too,  instead  of  imposing  the  full  possible  penalty,  usually  inflicted  fines 
of  one  or  two  shillings  only.  Burning  cotton-sticks  is  not  a  desirable 
punishment  in  a  country  destitute  of  other  sources  of  fuel  supply,  but 
was  the  only  thing  that  really  moved  the  people  to  action. 

In  an  educated  community,  where  everyone  realizes  the  necessity 
and  the  reasons  for  action,  one  might  hope  for  the  maximum  possible- 
results  from  a  law  like  this.  In  Egypt,  however,  almost  every  one  was 
out  to  dodge  the  inspector,  and  to  do  just  so  little  as  to  avoid  getting 
his  sticks  burnt.  The  desire  to  protect  the  next  year's  crop  seems  to 
be  missing.  If  it  could  be  done  without  work,  everybody  would  praise 
the  Government,  but  measures  which  involve  any  display  of  energy 
are  not  popular. 

As  already  stated,  the  law  appears  to  cover  all  the  lurking  places 
for  the  Pink  Bollworm,  but  it  is  of  course  recognised  that  the  strictest 
application  possible  will  never  eradicate  the  insect.  A  large  percentage 
of  the  bolls,  which  have  fallen  to  the  ground,  will  always  escape  destruc- 
tion. All  that  can  be  hoped  for  consequently  is  to  check  the  increase 
of  the  pest  and  to  keep  it  within  reasonable  limits,  perhaps  even,  with 
very  good  work,  to  reduce  the  infestation  to  some  extent. 

A  good  deal  of  the  usefulness  of  the  law  turns  on  the  last  date  for 
the  destruction  of  the  bolls.  And  here  it  may  be  remarked  that  entomo- 
logical desiderata  and  agricultural  possibility  clash.  We  demand,  with 
reasons  which  can  almost  be  demonstrated  by  simple  arithmetic, 
that  the  last  date  be  placed  early  in  the  autumn,  much  earlier  than  the 
agriculturist  was  wilhiig  to  give  in  1916,  or  for  that  matter  in  1918. 
But  unless  the  claim  for  earliness  is  seriously  taken,  we  can  see  but 
little  hope  for  the  future.  In  this  respect  it  may  be  mentioned  that 
the  law  of  1912,  ordering  the  puUing  up  of  cotton-sticks  by  15th  Decem- 
ber in  Upper  Egypt,  31st  in  Middle  Egypt  and  the  southern  half  of 
the  Delta  and  by  15th  January  in  the  northern  Delta,  was  opposed  on 
the  plea  that  the  dates  were  impossibly  early.  The  dates  for  the 
removal  of  the  bolls  are  now  much  earlier,  being  10th  November  for 
Upper  and  Middle  Egypt,  and  part  of  the  Delta,  20th  November  for 
the  middle  and  30th  November  for  the  north  of  the  Delta  and  these 
dates  might  stand  being  advanced  still  more  without  affecting  more 
than  a  small  fraction  of  cultivators  whose  crop  is  backward.  In  other 
words,  the  date  appears  to  be  fixed  not  for  the  average  requirement  of 
the  agriculturists,  but  distinctly  later  than  average  requirements.  Our 
firm   conviction   is    that   every   day   after    1st  October  matters  very 
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considerably,  and  that  it  is  false  economy  to  balance  possible  present 
loss  to  the  few  against  the  certain  increased  loss  to  the  entire  com- 
munity in  the  next  season. 

The  campaign  of  1916  was  carried  out  much  more  thoroughly  and 
vigorously  than  that  of  1915.  But  it  is  humanly  impossible  to  get 
perfect  work.  It  is  also  to  be  remembered  that  the  war  seriously  inter- 
fered with  the  organization.  A  very  large  percentage  of  our  British 
Inspectors  were  fighting.  The  few  left  were  overworked.  The  native 
■staff,  especially  in  the  lowest,  badly  paid  grades,  was  unreliable  and 
corrupt.  Many  were  only  taken  on  temporarily  and  made  the  most 
of  their  opportunities. 

In  August  1916,  Mr.  Ballou,  Entomologist  to  the  West  Indies,  was 
lent  to  the  Egyptian  Government  by  the  Colonial  Office  to  examine 
and  report  on  the  Pink  Bollworm  situation,  and  on  the  measures  adopted 
for  its  control.  Mr.  Ballou  arrived  in  time  to  see  the  campaign  of 
1916,  and  remained  long  enough  to  see  that  of  1917.  He  presented 
a  long  report  of  what  he  had  seen,  in  which  he  endorsed  the  action  taken 
•up  to  the  present  as  being  satisfactory,  making  however,  the  sugges- 
tion that  the  plants  should  be  pulled  up  immediately  after  the  harvest, 
and  stripped  of  bolls  later  on.  This  suggestion  was  arrived  at  in 
conference  with  Mr.  Willcocks,  Entomologist  of  the  Sultania  Agricul- 
tural Society,  Mr.  Storey,  Mr.  Adair  and  myself,  all  being  in  agree- 
ment. The  reason  underlying  the  change  is  that  plants  left  standing 
will,  by  producing  new  buds,  flowers,  or  bolls,  be  constantly  producing 
mew  sources  of  food-supply  for  the  Pink  Bollworm  and  keeping  old  ones 
in  a  suitable  condition.  It  is  thought  that,  by  uprooting  the  plants  as 
soon  as  possible,  the  buds  and  young  bolls  will  almost  immediately, 
and  the  older  bolls  very  soon,  become  totally  unsuitable  as  food-supply 
for  young  worms. 

Plants  pulled  up  before  October  would,  without  removal  of  their 
^bolls,  be  less  dangerous  than  plants  left  till  November  before  boll 
removal  and  December  before  pulling.  Ballou's  report,  which  endorses 
the  action  taken  by  the  Ministry  of  Agriculture,  has  hitherto  had  to 
remain  unpublished  on  account  of  the  paper  famine  in  Egypt,  which 
was  at  a  time  really  very  acute. 

In  1916  burning  sticks  was  really  carried  out,  and  produced  a 
very  salutary  efiect  on  the  cultivators,  but  in  1917  and  1918  it  was  no 
longer  possible  to  insist  on  the  burning  of  the  sticks  on  account  of  the 
fuel  famine.  The  absence  of  any  serious  penalty  instantly  showed 
itself,  as  was  to  be  expected,  in  increased  indifference  on  the  part  of  the 
cultivators,  so  much  so  that  the  1918  campaign  may  be  said  to  have 
been  very  imperfect. 
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In  August  1917,  the  law  was  modified  in  order  to  permit  the  pulling 
up  of  sticks  before  removal  of  bolls  in  all  cases  in  which  it  appeared 
advisable  to  the  Ministry  to  permit  this  course  of  action.  This  was 
because  it  had  been  demonstrated  by  various  Inspectors  of  the  Ministry, 
and  by  members  of  the  public,  that  it  was  possible  to  do  the  work  of 
boll-pulling  more  efficiently,  at  less  cost  and  with  less  spilling  of  bolls, 
if  the  trees  could  be  pulled  up  and  combed  through  rakes  or  put  through 
a  specially  designed  machine.  This  modifying  law  (No.  12  of  1917) 
marks  a  real  advance  in  the  development  of  the  campaign. 

On  account  of  the  fuel  shortage  a  modifying  law  (No.  11  of  1918) 
lias  had  to  be  passed  permitting  the  Government  to  seize  and  confiscate 
cotton-sticks  instead  of  seizing  and  burning. 

Having  detailed  the  jirogress  of  legislation  and  outlined  the  lines 
of  growth  of  the  Pink  Bollworm  campaign,  a  few  remarks  on  the  theories 
underlying  them  may  yet  be  made. 

The  Campaign  in  all  its  aspects,  fieldwork,  seed  treatment  in  the 
ginneries,  and  screening  of  seed-stores,  aims  only  at  the  elimination  of 
the  long-cycle  larvee  or  of  the  moths  belonging  to  the  long-cycle  genera- 
tion. Short-cycle  moths  emerging  at  the  end  of  the  season  are  com- 
paratively innocuous  as  compared  to  their  long-cycle  progeny.  Now 
it  has  long  been  known  to  us  that  the  proportion  of  long-cycle  larvae 
in  the  Pink  Bollworm  population  is  constantly  increasing  as  the  season 
progresses.  Recent  work  has  shown  that  even  in  the  summer  months 
there  are  amongst  the  short-cycle  larvse  a  few  per  mille  of  long-cycle 
worms.  From  breeding  results  of  1917-1918,  we  find  that  green  bolls 
collected  before  10th  October  contained  5  per  cent,  long-cycle  larvae 
and  95  per  cent,  short-cycle.  After  this  date  the  proportion  changed 
rapidly.  For  the  whole  period  11th  October  to  the  end  of  November 
there  were  23  per  cent,  long-cycle  larvae.  But  for  the  last  three  weeks 
of  November  all  the  worms  give  rise  to  long-cycle  moths. 

It  will  be  seen  thatr,  supposing  it  were  possible  to  take  the  crop  early 
enough  every  year,  there  would  be  very  few  long-cycle  larvse  to  carry 
over  to  the  next  year,  and  consequently  the  subsequent  years  would 
know  less  and  less  of  the  pest.  The  longer  the  delay  the  more  serious 
the  menace  for  the  future.  Every  week  thousands  of  attacked  bolls 
fall  off  the  trees  and  escape  from  later  control  by  being  trampled  into 
the  ground,  by  falling  down  cracks  in  the  earth,  or  by  being  silted 
over  when  the  land  is  watered.  The  later  in  the  season  the  more 
certain  it  is  that  such  bolls  must  contaiii  resting  larvae.  Without  doubt 
many  of  these  larvae  are  destroyed  by  ants,  by  disease  or  parasites, 
by  being  buried  too  deeply  or  by  exposure  to  the  sun.  But  immense 
numbers  manage  to  survive  through  to  the  next  season  and  even  to 
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the  season  after  that.  Of  the  bolls  left  on  the  sticks  also,  it  is  certain 
that,  the  later  they  are  left,  the  more  resting  larvse  they  contain.  Heaps 
of  sticks  are  a  very  good  surrounding  for  the  further  development  of 
the  insects,  though  perhaps  the  best  environment  is  on  the  ground  in 
sufficient  shade  to  prevent  the  temperature  rising  above  50°  C.  It  has 
been  stated  earlier,  that  the  rise  in  percentage  attack  of  green  bolls 
from  25  per  cent,  to  75  per  cent,  passes  through  in  three  or  four  weeks. 
This  takes  place  roughly  at  the  time  of  the  first  picking. 

The  whole  question  of  Pink  BoUworm  control  centres  in  the 
possibility  of  early  removal  of  growing  cotton  plants  from  the  fields. 
A  very  imperfectly  conducted  campaign  in  September  would  give  better 
results  than  an  obtainably  perfect  one  at  the  end  of  October,  but  unfor- 
tunately this  is  not  yet  agriculturally  a  possibility. 

The  treatment  of  the  seed  is  without  doubt  also  of  importance, 
but  cannot  compare  in  this  respect  with  the  fieldwork.  Excellent 
work  done  on  a  small  area  is  useless,  unless  the  surroundings  are  far 
and  wide  equally  well  cleaned.  And  imperfect  work  of  one  year  is 
certain  to  make  itself  felt  for  two  following  years,  even  if  the  first  of 
those  two  following  years  should  be  conspicuous  by  good  work.  This 
is  due  to  the  fact  that  a  comparatively  large  proportion  of  resting  worms 
can  and  do  survive  to  the  second  following  summer  before  pupating 
and  emerging  as  moths. 

Two  experiments  have  been  made  in  1917,  to  test  the  plan  of  the 
campaign,  one  at  Tel  el  Kebir,  where  in  a  large  area  isolated  to  a  great 
extent  by  desert  on  both  sides,  the  land  was  swept  after  the  last  crop 
was  taken,  and  where  the  bolls  were  very  thoroughly  destroyed  and 
this  year  was  planted  with  treated  seed.  The  area  was  looked  after 
by  several  moawens.  One  part  of  it  showed  exceptionally  high  infection 
this  year  as  compared  to  the  others,  and  it  was  afterwards  found  by 
inquiry,  that  the  moawen  at  first  in  charge  of  that  part  had  had  to  be 
disciplined  for  neglect  of  duty  and  corruption. 

For  the  first  part  of  the  season  the  whole  area  however  was  consider- 
ably better  judging  by  percentages  of  green  bolls  attacked  than  in  the 
corresponding  part  of  the  previous  year.  Towards  the  end  of  the  season 
it  deteriorated,  but  wa*s  even  so  better  than  at  the  corresponding  period 
of  the  previous  season.  Part  of  the  deterioration  may  be  due  to  larvae 
of  two  seasons  earlier. 

The  other  experiment  was  made  at  Armant  in  Upper  Egypt.  This 
place  was  left  alone.  The  cultivators  know  the  law,  and  its  objects, 
but  without  driving  by  the  agents  of  the  Government  may  be  relied 
on  doing  nothing  towards  destroying  the  bolls  at  the  end  of  the  season. 
There  has  been  a  high  rise  of  infection  percentage  of  green  bolls  recorded 
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from  tlaere  this  year,  but  as  all  Upper  Egypt  shows  an  increase,  judg- 
ment must  be  reserved  for  a  f  w  more  seasons. 

The  problems  presented  bythe  Pink  Bollworm  are  not  yet  all  solved, 
and  the  problem  of  its  controlhas  still  much  to  be  developed.  Theore- 
tically I  am  sure  we  are  on  the  right  track,  but  the  administrative 
problem  in  transmuting  theory  into  practice  appears  to  me  to  be  a  most 
difficult  one,  and  far  from  finally  solved.  It  is  rendered  all  the  more 
difficult  by  the  passive  resistance  and  indifference  of  cultivators,  and 
the  disorganization  due  to  the  war. 

A  scientific  Cotton  Research  Board  is  now  being  formed  by  the 
Government.  This  board  will  consist  mainly  of  Government  officials 
of  scientific  standing  and  will  also  have  one  or  more  representatives 
from  outside.  Its  duties  will  be  to  promote  research  on  all  problems 
affecting  cotton  in  Egypt,  and  without  doubt  this  question  of  the  control 
of  the  Pink  Bollworm  will  be  one  of  the  most  serious  it  will  have 
to  deal  with  for  a  long  time  to  come.  The  setback  in  control  due  to 
the  war  is  not  hkely  to  have  improved  conditions.  But  the  Board 
will  be  in  a  position  to  represent  to  Government  whatever  it  considers 
urgent,  necessary  or  serious  in  a  more  forcible  manm^r  than  any  indi- 
vidual or  department  could  do. 

Dr.  Gough  has  informed  me  that  P.  gossypiella  rings  the  stem  and  Mr.  Misra. 
branches  of  the  cotton-plant.     But  in  my  experience  I  have  never  seen 
that. 

It  is  very  rare  with  us  too.      We  have  only  recorded  four  or  five  Dr.  Gough. 
cases  and  Willcocks  has  recorded  two  or  three,  but  of  course  we  have 
examined  an  enormous  number  of  plants.     The  ringing  goes  into  the 
cambium  and  the  plant  withers. 

Dr.  Gough  has  given  us  a  very  complete  account  regarding   the  Mr.  Fletcher' 
work  being  done  on  this  insect  in  Egypt  and  we  shall  be  glad  if  he  can 
tell  us  something  about  the  Staff  which  carries  out  this  work  and  how 
it  is  organized. 

We  have  a  well  organized  campaign.     The  organization  of  the  pest  Dr.  Gough. 
campaigns  is  as  follows  : — 

In  each  province  the  Mxidir  (or  Goveinor)  is  in  supreme  command. 
He  is  assisted  by  the  Inspector  of  Agriculture  who  generally  super\ases 
the  working  of  the  campaign,  and  reports  on  the  work. 

Each  province  is  di^-ided  into  zones  under,  sub-inspectors  ;  these 
zones  are  again  sub-divided,  the  divisions  being  under  moawnin  (or 
fieldmen).  In  each  village  the  Omdeli  (or  headman)  is  responsible  for 
the  work  ;  his  area  is  however  further  sub-divided-  and  sheikhs  el  balad 
are  in  charge  of  the  final  sub- division  of  the  control  of  the  campaign. 
VOL.    II  7 
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Wlieie  the  work  of  destruction  of  bolls  is  not  thoroughly  done,  the 
cotton  sticks  may  be  seized  and  confiscated,  or  burnt.  Bolls  removed 
from  the  sticks  are  invariably  burnt. 

As  a  general  rule  the  bolls  are  to  be  removed  before  the  sticks  are 
pulled  up,  but  authority  can  be  given  by  the  Inspector  of  Agriculture 
for  the  sticks  to  be  pulled  up  first  and  cleaned  afterwards.  This  is  to 
enable  boll  stripping  apparatus  to  be  used. 

What  Entomological  Staff  is  employed  ? 

Our  Work  and  Stai!  are  distributed  as  follows  : — 

1.  Direction. 

Director,  Entomological  Section. 

2.  Collections. 

1  Entomologist. 

2  Momvnin. 

3.  Insect  Breeding. 

1  Entomologist. 

2  Moawnin. 
2  Mulahzin. 

12  Operators  (daily  labour). 

4.  Research  (under  Director). 

1  Technical  Assistant. 

1  Moawen. 

20  Operators  (daily  labour). 

5.  Control  of  Ginneries  for  the  Treatment  of  Cotton  Seed  (under  Director 

and  Sub-Director). 

2  Sub-Inspectors. 
4  Moawnin. 

20  Operators  (daily  labour). 

6.  Inspection  of  Imported  Plants  and  seeds  (under  Director). 

1  Assistant  Entomologist. 
4  Moawnin. 

7.  Insecticides  (under  Director). 

1  Assistant  Entomologist. 
Daily  labour. 

8.  Bee-Keeping  (under  Director). 

1  Moawen. 

1  Operator  (Apiarist). 
Daily  labour. 

9.  Various  Regulations  concerning  pests  of  trees  (under  Director). 

1  Moawen  for  inspection  of  shrubs   and   plants  trau.sported 

from  the  clean  to  the  infected  area. 
I  Moauen  for  the  examination  of  g.irdeua. 
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10.  Fumigation  of  Citms    trees  with  Hydroctjanic  gas   (uuder  Sub- 
Director). 
5  Brigades,  each  brigade  composed  of : — 

1  Moaiven  as  Head. 

2  Midahzin. 

2  Operators  (daily  labour). 
12  Labourers  (daily  labour). 

1  Teut-maker  (daily  labour). 
■  1  Guard. 
n.' Clerical  Sfa§,      . 
'  1  Head  Clerk. 
4  Clerks. 
1  Store-keeper. 
1  Assistant  Store-keeper. 
12.  Hors-Cadre  Staff. 
Shawish. 


Sweepers. 

Gardeners. 
Note. — Moaiven  is  a  graduate  of  a  High  School  of  Agriculture. 
Note. — Molahiz  is  a  graduate  of  an  Intermediate  School  of  Agriculture. 

The  Entomological  Service  comes  directly  under    tbe  Secretary  of 
State. 

What  is  the  extent  of  your  cultivated  area  ?  Mr.  Fletcher. 

One  and  a  half  million  acres  under  cotton.  Dr.  Gough. 

In  India  we  have  about  twenty  milhon  acres  under  cotton  alone.  Mr.  Fletcher. 

Has  the  Pink  BoUworm  any  foodplants  other  than  cotton  in  Egypt  ?  ^r.  RamakrishD.-j 

We  have  found  it  on  Hibiscus  cannahinus  and  H.  esculentus.    These  pj   gough. 
must  be  pulled  out  of  the  ground  at  the  same- time  as  the  cotton-plants. 

In  Bombay  we  do  not  find  it  on  anything  else  except  cotton.  Mr.  Ramrao. 

You  are  sure  to  find  it  if  you  look  before  or  after  the  cotton  crop.  Dr.  Gough. 

Both  these  insects  [Earias  spp.  and  Platyedra  gossypiella]  are  Mr.  Burt, 
seriolis  pests  in  the  United  Provinces  and,  unless  we  can  adopt  measures 
such  as  in  KgyiA,  there  is  no  chance  of  checking  them.  In  irrigated 
parts  of  our  Province  the  cotton  can  easily  be  removed  by  the  end  of 
December  because  the  cultivators  are  anxious  to  get  in  a  catch-crop 
of  peas.  The  sticks  are  hurnt  probably  by  the  end  of  March  in  making 
gur.  But  in  irrigated  lands  we  still  get  the  pest  and  therefore  there 
seems  to  be  some  factor  which  we  do  not  know  yet.  Before  introduciner 
any  legislation,  we  must  know  this  factor.  In  some  districts  cotton- 
sticks  remain  standing  in  the  fields  until  June  or  -July  ;  that  happens 
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in  the  unirrigated  area.  In  our  Province  we  get  the  attack  equally 
badly  in  the  unirrigated  and  in  the  irrigated  lands.  What  is  the  result 
of  ploughing  the  bolls  in  ? 

Bolls  ploughed '  underground  are  as  dangerous  as  those  left  on  the 
field  and  burning  is  necessaiy.  As  a  matter  of  fact,  bolls  on  the  ground 
are  more  dangerous.  In  our  experiments  those  placed  on  the  ground 
produced  more  adults  than  those  raised  off  the  ground  on  tables.  Bersim 
follows  cotton  in  Egj'pt  and  it  is  irrigated,  but  the  irrigation  has  no 
effect  on  the  bolls  in  the  ground.  Sometimes  bersim  is  sown  before 
the  cotton  is  removed  and  the  cotton-sticks  are  pulled  out  later  ;  we 
have  examined  bol's  that  were  lying  underground  under  these  condi- 
tions and  found  that  a  large  number  of  them  contained  living  larvae. 

How  deep  can  you  b\uy  the  larvae  without  killing  them  ? 

I  cannot  say,  but  a  few  inches  do  not  do  them  any  harm.  The 
cotton-field  must  be  swept  up  before  it  is  ploughed. 

The  point  raised  by  Mr.  Burt  is  dealt  with  in  Mr.  Willcocks'  paper 
which  will  be  taken  next. 

The  difficulty  about  legislation  is  that   cotton  is  not  our  best  crop. 

I  have  seen  that  sheep  are  very  fond  of  cotton-bolls  and  if  they  are 
turned  into  the  cotton-field  at  the  end  of  the  cotton  season,  they  will 
eat  all  the  bolls. 

They  are  useful  and  will  take  the  last  boll  and  also  pick  up  bolls 
lying  on  the  ground,  but  we  have  not  got  sufficient  sheep  in  Egypt  to 
go  around. 

Has  any  work  been  done  in  Egypt  on  parasites  as  controls  for  P. 
gossypiella  ? 

We  are  only  just  touching  the  fringe  of  this  work.     We  have  not  ■ 
yet  done  any  work  on  the  utilization  of   parasites,  but  certainly  some 
parasite  is  controlling  it. 

We  have  a  parasite  on  Earias. 

Earias  is  a  rarity  with  us  now  and  the  Earias  problem  has  ceased 
to  be  a  practical  problem  for  Egypt. 

Is  there  any  variety  of  cotton  in  Egypt  that  is  free  from  Gelechia  ? 

There  is  no  variety  that  is  free  from  it. 

I  formd  at  Peshawar  that  Texas  Big-boll  was  comparatively  more 
immune. 

I  may  mention  that  a  long-cycle  generation  of  P.  gossypiella  occurs 
in  India.  We  have  received  double  seeds  from  India  from  which  a 
moth  emerged  after  two  and  a  half  years. 

In  1917  I  grew  a  small  experimental  plot  of  Cambodia  cotton  in  my 
own  compound  in  the  Matale  District,  Ceylon.  Cotton  is  not  a 
commercial  crop  in  Ceylon,  and  I  doubt  if  in  Matale  district  any  cotton 
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at  all  had  been  grown  before,  at  any  rate  since  the  British  Cotton- 
Growing  Association  campaign  a  good  many  years  ago.  On  this  crop 
G.  gossypiella  was  found  in  fair  numbers.  I  have  always  growing  in 
my  compound  H.  rosa-sinensis,  H.  esculentus  and  usually  H.  Sahdariffa, 
Althcea  rosea  frequently  also,  but  neither  before  I  grew  this  cotton  nor 
subsequently  have  I  seen  G.  gossypiella. 

My  compound  is  ringed  in  with  a  pure  crop  of  Hevea  trees  for  a 
distance  of  quite  half  a  mile  in  all  directions  and  the  land  falls  steeply 
iu  all  directions  from  it.  The  rainfall  is  sixty  to  ninety  inches  and 
the  elevation  1386  feet. 


Table  I. — showing  the  Quantities  of  Indian  Cotton  Imported  into  Egypt. 


Quantity  in 
Kilograms 


Prior  to  1903 

1903 

1901 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 


None. 
20,510 
25,827 
9,150 
81,240 
1,62,000 
21,460 
31,206 
13,353 

[Nona. 
10,998 
90,012 
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Table  III. — Emergences  of  Gelechia  Moths  from  Hibiscus  esculentus  pods 
and  seeds. 


BIEMEnOENCE  of3 

Emergesce  of  gelechia  moths  from  hibiscus 

ESCULENTCS 

GELECHIA   MOTHSi    ; 

AND  SEEDS. 

FROM    HIBISCUS  »  . 
CANNABINCS.  -jS 

7S0  green  pods  collected 

ilh  October  19 IS. 

1,000  green  pods  collected 

14th  October  1918. 

750  green  pods  cottected 

6tk  yomnber  1918. 
750  green  pods  collected 

500  Lnj  pods  collede  d 
loth  October  1918. 

Seeds  received  19th 
February  1918. 

■i     8.000  green  pods 
collected  ISIh  October 
1918. 

nth  Norember  191S. 

(The  figures  have  been 

combined  for  the 

purposes  of  this  table). 

Number 

Number 

Number 

Number 

Date 

ot 
Jloths 

Date: 

of 
Moths 

Date 

of 
Moths 

Date 

Of 

Moths 

emerged 

emerged 

emerged 

emerged 

October-  - 

October— 

AprU- 

October— 

25th 

}        - 

20th       . 

1 

28th       . 

27th       . 

7 

26th 

21st 

2 

28th       . 

18 

27tU 

7 

25th 

}         ^ 

May— 

29th       . 

30 

28th 

26th 

20th        . 

30th       . 

40 

29th 

14 

27th 

0 

23rd        . 

1 

31st 

14 

30th 

21 

28th 

1 

27th        . 

3 

November— 

30th 

2 

1st 

1      - 

November- 

31st 

12th 

3 

2nd 

1st    . 

}      J* 

3rd 

3 

2n(l 

November— 

4th 

3rd    . 

4 

1st 

}         3 

6th 

1 

4th   . 

2nd 

5th   . 

9 

3rd 

1 

6 

-th    ! 

10 

8th   . 
Otti    . 

}      10 

3 

nth 

12th 

13th 

4 

15tli  ■ 
16th 

il         * 

17th 
18th 

4 

20111            '. 

1 

22n.l 

}         - 

23rd 

24th 

.      25th 

1 

*      26th 

0 

isth 

!        0 

~ 

29th 

}      ° 

Decembcv— 

2ml  '. 
■3rd    . 

2 

i 

4th   . 
5th   . 

1 

Bth  &  7th 

8th   . 

1 

j 

9th    . 

1 

10th 

0 

nth 

1 

' 

12th 

•" 

" 
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Table  in. 


-Emergences  of  Gelechia  Moths  from  Hibiscus  esculentus  jiods 
and  seeds — concld. 


Emergence  of  Gelenchia  Moths  from  Hibiscus  esculentcs  pods 

AND  seeds. 

Kmerc.ence  of 

GELECHIA    MOTHS 

FROM  Hibiscus 

CANSAHINUS. 

750  green  pods  collected 

6lh  October  191S. 
1,000  green  pods  collected 

nth  October  1918. 
750  green  pods  collected 

6th  November  1918. 
750  green  pods  collected 
13th  November  1918. 
(The  figures  have  been 

comivKd  lor  the 
purposes  of  this  table). 

500  Dry  pods  coUerted 
1.5th  October  19IS. 

Seeds  receired  19lh 
Februarij  191S. 

8,000  green  pods 
collected  Uth  Octobber 

mis. 

Date 

Kuraber 

of 
Moths 
emerged 

Date- 

Number 

of 
Moths 
emerged 

Date 

Number 

Motlis 
emerged 

Date 

Number 

Of 

Moths 
emerged. 

13th  &  14th 

15th 

16th— 18th 

19th 

20th  &  21st 

22nd 

23rd 

24th 

25th 

2Bth 

27th  &  28th 

29  th 

a  0th 

31st 

Jaiuary- 

2nd  : 
3rd  &  4th 
5th   . 

b 

0 
3 

0 

0 
0 
0 
0 

1 
1 

2 

' 
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800 
1,000 
1,000 

950 
1,200 

110 
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ISOth  July 
10th  August    . 
27th  August 
4tK  October 
8th  October    . 
10th  October  . 
5th  November 
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Table  VIIL — Emergence  record  for  1918.    Moths  bred  from  material 
collected  in  1917. 


KrjIllE 

R  or  MOTUS  EMEEOIKG  IN 

Date  of  Collec- 

tion and  Des- 

Total 

cription. 

April 

May 

June 

July 

August 

te^m^r 

October 

Nov- 
.ember 

STATER   iS   FROM 
10,000   BOLLS. 

Green  Bolts. 

1st       September 
-10th  October 

1 

0 

0 

151 

171 

« 

7 

10 

348 

11th       October- 
30th  November 

82 

8 

0 

14 

22 

0 

28 

8 

162 

Open  Bulls. 

1st     Scptember- 
10th     October 

10 

31 

143 

381 

148 

51 

50 

44 

858 

11th       October- 
30th  November 

41 

36 

40 

178 

105 

26 

58 

104 

688 

Dead  2JoHs. 

Ist     Sept«mber- 
10th  October 

0 

0 

0 

23 

56 

7 

~ 

« 

04 

11th       October- 
30th  November 

2 

0 

5 

74 

73 

37 

10 

14 

215 

Stated  AS  10,000 

EMERGENCES. 

Green  B.Ms. 

1st     Soptember- 
10th  October 

24 

0 

0 

4,334 

4,9U 

•        229 

207 

296 

10,0^  0' 

•    11th      October- 
30th  November 

4,983 

619 

0 

856 

1,345 

0 

1,722 

474 

9,!w:> 

Open  Bolls. 

1st     Septcmber- 
10th  October 

122 

362 

1,669 

4,430 

1.725 

597 

582 

513 

10,000 

11th       October- 
30th  November 

703 

615 

.    674 

3,036 

1,785 

437- 

981 

1,7C8 

o.ooo- 

Lead  Bolls. 

1st     September- 
10th  October 

0 

0 

0 

2,455 

5,878 

735 

259 

672 

9,99'.) 

11th       October- 
30th  November 

88 

0 

222 

3,463 

3,379 

1,740 

461 

647 

10,000 
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Table  IX. — Emergence  record  for  1918.  Moths  bred  from  material  collected 
in  1917  stated  as  1000  emergences. 


MOTHS  Emerged  in 

Bolls  coUcctcd 

Total 

AprU 

May 

June 

July 

August 

t?Xr 

Octo- 
ber 

Nov- 
ember 

Oreen  Bolls. 

1st     September-lOth 
October. 

2 

0 

0 

436 

489 

23 

22 

29 

1,001 

"^Ve.r.""-^""' 

579 

66 

0 

87 

79 

0 

132 

57 

1,000 

Open  Bolls. 

1st     September-lOth 

12 

29 

166 

441 

172 

70 

68 

61 

99» 

11th       October-30th 
November. 

77 

67 

74 

332 

193 

48 

107 

102 

1,00» 

Dead  Bolls. 

l8t     September-lOth 
October. 

0 

0 

0 

246 

588 

74 

26 

67 

1,001 

11th       Octobcr-30th 
November. 

9 

0 

21 

314 

342 

188 

56 

69 

999 

Average     lor     whole 
Season. 

Green  bolls       . 

291 

33 

0 

262 

284 

12 

77 

43 

1,00S 

Open  bolls 

45 

48 

120 

387 

183 

59 

83 

77 

1,002 

Dead  boUs 

5 

0 

11 

280 

465 

131 

41 

68 

1,001 

Stated    as    from 

10,000  BOIIS. 

Green  BoUs. 

Ist     September-lOth 

1 

0 

0 

151 

170 

9 

7 

10 

348- 

11th       October-30th 
November. 

74 

8 

0 

14 

22 

0 

28 

« 

161 

Open  BoUs. 

1st     September-lOth 
October. 

10 

25 

143 

381 

148 

60 

0 

44 

861 

11th       Oct«ber-30th 
A'ovember. 

41 

36 

40 

178 

103 

26 

58 

55 

537 

Dead  Bolls., 

Ist     September-lOth 
October.     . 

0 

0 

0 

23 

56 

V 

2 

6 

94 

11th       October-30th 
November. 

2 

0 

4 

63 

69 

38 

11 

14 

201 

Average  lor  the  whole 
Season. 

Green  boUs       . 

38 

4 

0 

83 

96 

5 

18 

9 

253 

Open  bolls 

26 

32 

92 

280 

126 

43 

64 

50 

U9 

Dead  boUs 

0  1 

2 

43 

63 

23 

' 

10 

149 
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Table  X. — Showing  the  number  of  GelecMa  moths  caught  in  a  cotton-seed 
store  by  traplight,  weekly. 


Week  commencing 

Number 
caught 

Week  commencing 

Number 
caught 

Week  commencing 

^aTgSt" 

J917. 

December — 

May— 

June— 

6th     . 

14 

23rd    . 

40 

2l8t        . 

176 

13th    .          .           . 

30th    . 

56 

28th      . 

187 

20th    .          .          . 

12 

June- 

July- 

27th  ■. 

0 

6th      . 

81 

5th       . 

248 

1918. 

13th   . 

17 

12th     . 

837 

January— 

20th   . 

* 

19th     . 

1.120 

3rd     . 

27th    . 

26 

26th      . 

144 

July- 

10th    . 

2 

Augusts 

., 

4th      . 

8 

2nd      . 

41 

24th   . 

I 

nth  . 

0 

9th'    . 

123 

3l9t     . 

J 

18th  . 

29 

16th     . 

69 

February— 

25th    .       •    . 

40 

23rd     . 

19 

7t.h     . 

August— 

30th     . 

691 

14th   . 

1st      . 

35 

September— 

21st    . 

4 

8th     . 

51 

6tli       ; 

21,699 

28th    . 

2 

loth   . 

33 

131)1     .         . 

16,843 

March— 

22nd  . 

13 

201h     . 

7,340 

7th     . 

5 

29tll    . 

72 

27th     . 

232 

14th    . 

October— 

21st    . 

5 

September- 

4th       . 

194 

28th    . 

10 

5th     .         ■         . 

39 

11th     . 

416 

April—                        1 

12th    . 

11 

18th     . 

235 

^                               1 
4th     .         .         .   1            2(1 

19th    . 

27 

25th     . 

737 

26th    . 

20 

11th   . 

38 

November — 

18th   . 

39 

October— 

1st 

212 

25th   . 

20 

3rd     . 

8 

8th       . 

1,128 

May- 

10th   . 

315 

15th     . 

1,166 

2nd     . 

29 

17th    . 

949 

22nd     . 

26 

9th     .         .         .   j            45 

24th   . 

3,966 

29th 

25 

16th    .          .          .    '              B8 

31st 

TOTAL  -  58,050 

moth-. 
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Table  XI. — Showing  the  daily  numbers  of  Gelechia  Moths  cau'ght  during  the 
period  6th  September  to  26th  September  1917. 

Moths  caught. 

September — 

6th 318 

7th 943 

8th 2,470 

9th 4,500 

10th 7,960 

nth     .         .         < 5,500 

12th 8  Light  not 

burning. 

13th 6,060 

14th 5,670 

15th 2,800 

September — 

16th  &  17th 5,500 

18th 2,222 

19th 1  Light  not 

burning. 

20th 821 

21st 1,403 

22nd 1,524 

23r(i 1,610 

24th     .   ' 985 

25th 710 

26th 227 


Table  XII. — Showing  the  Infestation  of  green  Cotton  bolls  by  Pink  Bott- 
worm,  data  arranged  according  to  sizes  of  bolls  and  of  worms. 


Total  number  of 
Bolls. 

Total  number 

or  WORMS. 

Grade  of  bolls 

Examined 

Found 
sound 

SmaU 

Medium 

Large 

Whose 

A 

18,913 

18,084 

357 

132 

171 

127 

B 

22,737 

18,281 

1,112 

1,094 

1,580 

1,107 

C 

1,66,997 

1,11,499 

8,800 

11,380 

29,328 

13,067 

Calculated  to  laciliiate  eomparis 

A 

10,000 

95,618 

188 

70 

90 

67 

B 

10,000 

80,402 

489 

481 

695 

487 

C 

10,000 

66,765 

627 

681 

1,766 

782 

h2 
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Tabh  XIII: — Showing  comparison  of  sound  and  attacked  samples  {weights 
in  grammes.) 


Description  of  sample 

Total 
weiRlif 
with 

Total        1    p„..„„f.„„ 

M 

Percentage 
Lint  without 

M 

30  sets  of  100  sound  seeds 

30  random  samples  of  about 

150  gts.  each. 
30    seta    of    100    damaged 

seeds  other  than  "  double" 

30°8ete'  of  50  double  seeds 

(  =  100  seeds   per   cent.) 
Gemmaiza    Crop.      Sound 

bolls. 
Gemmaiza  crop.  Damaged 

boUs. 
Gemmaiza  crop.        Entire 

yield. 

4,319-4« 
2,82-93 

3,13-79 

4,777-4t 
15,2260 
20,003-4t 

449-69     I 
4,287-0      j  34-7  +  0-09 
2,69-93     ■  35-6+0-19 

2,84-66     :  30-3+0-28 
!  34-0+002 
!  34-0+0-01 
1  34-0+0-01 

0-7 
1'5 

2-3 
0-529 
0-492 
0-478 

34-2+ 0-08 
34-9  +  009 
37-3+0-18 

33-3  +  0-26 

0-6& 
0-7 
1-5 

215 

The  total  weiglit  of  3,000  seeds  with  their  lint  would  average  438-37, 
t  The  total  weight  of  3,000  seeds  witli  tlu-ir  lint  would  average  496-28. 
t  The  total  weight  of  3.000  seeds  »1th  tlieir  lint  would  average  439-49. 

Table  XIV. — Variations  of  the  Percentages  of  Lint  in  Mitaffifi,  mid  Affifi 
Cottons  ginned  by  the  State  Domains  dxning  the  years  1891-1917, 
calculated  from  p,g\ires  supplied  by  the  State  Domains  Administration. 


Mitaffifi 

Sakha 
Ginnery 

QOBASHlA 
GlNNEEi- 

Remarks 

Percentage 
Lint 

Percentage 
Lint 

1891  . 

1892  . 

1893  . 

1894  . 

1895  . 

1896  . 

1897  . 

1899 

1900  . 

1901  . 

1902  . 

•■ 

330 

340 
33-3 
33-3 
33-3 
34-9 
35-5 
34-9 
34-9 
34-6 
;:4-6 

33-7 

35-5 
34-9 
35-2 
35-5 
35-2 
35-9 
36-2 
34-9 
::4-9 
35-9 
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Table  XIV.— Variations  of  the  Percentage  of  Lint  in  Mitaffifi.  and  Affifi, 
Cottons  ginned  by  the  State  Domains  during  the  years  1891-1917, 
calculated  from  figures  supplied  by  the  State  Domains  Administra- 
tion— concld. 


Percentage      Percentage 
Lint  Lint 


1904 
1905 
1906 
1907 


1910  . 

1911  . 

1912  . 
Mean 


AM- 


1911  . 

1912  . 

1913  . 

1914  . 

1915  . 

1916  , 

1917  . 
1917*. 
Mean 


340 
33-7 
340 
330 

33-7 
34-9 
34-0 


34-5 
340 
340 
33-3 
34-5 
33-7 
341 


371 
35-6 
34-9 
35-5 
35-2 
35-9 
34-2 
34-9 
34-9 


Special  experimental  cotton. 
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Table  XV. — Variation  in  the  Percentage  of  Lint  of  Sakdlaridis,  Assili  art^ 
Affif,  Cottons  ginned  by  the  State  Domains  during  the  years  1911- 
1917,  calculated  from  figures  supplied  by  the  State  Domains  Ad- 
ministration. 


Year 

Sakellaridis 

Percentage 

Lint 

Assili 

Sakha 

Percentage 

Lint 

Assili               ,^f. 

1911     .         .         .         . 

1912 

1913 

1914 

1915 

1916 

1917 

Mean 

33-8 
32-7 
33-5 
33-8 
32-8 
31-5 
341 
33-2 

35-6 
35-4 
36-4 
36-2 
35-7 
360 
36-4 
36-0 

35-6                  33-9 
35-7                  33-9 
36-2                  34-5 
36-2                  34-0 
35-5                  34-0 
34-7                  330 
36-7                  34-5 
1         35-8                  34-0 

Sakel2=0-8 

For  all  varieties  combined2=0-6 


Aasili2;  =  0-5 


AffifiS  =0-i 


19.— EXPERIMENTS  IN  EGYPT  ON  THE  SURVIVAL  OF  THE 
PINK  BOLLWORMS  (RESTING  STAGE  LARV^?;)  IN  RIPE. 
DAMAGED  COTTON  BOLLS  BURIED  AT  DIFFERENT 
DEPTHS. 

By  F.  C.  WiLLCOCKS,  Entomologist  to  the  Sultanic  Agricultural  Society- 
Cairo,  Egypt. 

Locality. — Ghezireh — an  island  in  the  Nile,  opposite  Cairo. 

Soil. — A  sandy  loam. 

The  ground  had  been  flooded  September-November  1916  by  infiltra- 
tion from  high  Nile. 

Pits  were  made  5  cm.,  10  cm..  15  cm.,  and  20  cm.  in  depth. 

The  bolls  were  "  planted,"  i.e.,  there  was  a  space  between  each  boll 
and  its  neighbours.  The  soil  was  then  put  back  into  the  pits  and  trodden 
down.  Not  all  the  soil  which  had  been  taken  out  was  got  back  into 
the  pits. 

Bolls  were  buried  about  the  second  week  in  January  1917 — much 
later  than  had  been  planned,  but  owing  to  infiltration  the  soil  was  not 
in  a  fit  state  before  this  date. 
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There  were  three  series  of  four  pits. 
Plot  I  had  bersim  sown  on  it. 
•       Plot  II  was  left  bare — '  bare-fallow.' 
Plot  III  had  wheat  sown  on  it. 

One  thousand  bolls  were  removed  from  each  pit  on  30th  April  1917  ; 
31st  May  1917  ;  30th  June  1917,  and  31st  July  1917,  and  examined. 
These  dates  are  approximate — it  was  not  possible  always  to  remove  bolls 
on  the  exact  date,  but  there  was  only  a  difference  of  a  day  or  two. 

A  sample  of  200  of  the  bolls  (used  for  this  experiment),  examined 
at  the  end  of  May,  gave  the  following  result : — 

First  100.  Second  100. 

82  Pink  BoUworms  alive.  89  Pink  BoUworma  aUve. 

2     „        .      „  dead.  2     „  „  dead. 

1      „  „  dead  {Pedicu.  8     „  „  dead  {Pediculoides.) 

hides.) 

5  Empty  pupae  (moth  emerged)  3  empty  pupte  (moth  emerged). 

These  bolls  had  been  kept  in  the  Laboratory. 

Note. — The  second  100  bolls  were  from  a  sample  used  in  the  5  cm.  and  10  cm. 
pit  in  Plot  II.  The  original  sample  gave  out.  Plot  II  being  sown  with  boUs  last.  It 
is  possible  that  boUs  in  5  and  10  cm.  pit  of  Plot  II  were  rather  more  heavily  infested 
than  the  boUs  in  the  other  pits  which  were  from  same  field.  The  other  lot  came  from 
another  locality. 

RESULTS. 

Plot  I.     Bersim.     {Trifolium  alexandrinum.) 
Bolls  buried  13th  January  1917. 
Plot  irrigated  and  bersim  sown  28th  January  1917. 
12th   March    I9I7.— Irrigated. 

10th  AprO  1917. — First  cutting  bersim  and  irrigated. 
10th  May  1917.— Last  watering. 
1st  July. — Cut  the  bersim ;  it  was  dry. 
30th  April  1917.— Removed  1,000  "bolls  from  each  pit. 

5  cm.  Pit. — 1,000  boUs.     They  had    not  broken  up  and  had  not  rotted.     In  thea* 
were — 
Found  34  live  Pink  BoUworm  larvae. 

9    „  pupae   Pink  BoUworm. 

22        empty  pupa  cases. 
10  cm.  Pit. — 1,000  bolls  ;  mostly  not  broken  up — slightly  decayed.  In  these  were- 
Found  18  live    Pink    BoUworm    larvae. 
5  Uve  pupae. 
7  empty  pupa  cases. 
15  cm.  Pit. — 1,000  boUs;  a  good  deal  decayed  and  broken    up.     Ic  these  were— 
Found     5  Uve  Pink  BoUworm  larvae. 
1  Uve  pupa.       J 
8  empty  pupa  cases. 
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20  cm.  Pit. — 1,000  bolls  ;  much  decayed,  mostly  broken  up.     In  these  were — 
Found     3  live  Pink  Bollworm  larvae. 
1  live  pupa. 
14  empty  pupa  cases.  • 

Plot  II.     Bare  faUow. 
Bolls  buried  18th  January  1917.     Kemoved  first  lot  of  bolls,  30th  April  1917. 
5  cm. — 1,000  bolls ;  majority    of  bolls  whole — not  broken  up.     Least  decayed  of 
this  series. 
Found  124  Pink  Bollworm  larvse  alive. 
6  pupje  alive. 

19  empty  pupa  cases. 

N.B. — Most  of  the  larvse  in  unusually  thickly  woven  and  tough  cocoons. 
10  cm. — 1,000  bolls — condition  good,    many  broken,   but  not  in  such  good  condi- 
tion as  5  cm. 
Found  10  Pink  Bollworm  larvae  alive. 

0  live  pupae. 

36  empty  pupa   cases. 
15  cm. — 1,000  bolls ;  very  much  decayed,  nearly  all  broken  up — 
Found     1  live  Pink  Bollworm  larva. 
5  live  pupae. 
10  empty  pupa  cases. 
20  cm. — 1,000  boUs.     Very  much  decayed,  broken  up  mostly — in  fact,  nearly  all — 
Found     1  live  Pink  BoUworm  larva. 

1  live  pupa. 

13  empty  pupa  cases. 

Plot  III.    Under  Wheat. 
Bolls  buried  16th  January  1917. 
Wheat  sown  25th  January  1917  ;  no  watering  given. 
28th  January  1917  ;  a  light  watering.  , 

26th  March  1917  ;  watered. 
16th  April  1917  ;     Cut  wheat — ripe. 
Bolls  removed  29th  April  1917. 

5  cm.  Pit  — 1,000  bolls  in  good  condition — only  a   few  broken  up — 
Found  114  live   Pink   Bollworm  larvaa. 

16  live  pupae. 

18  empty  pupa  cases. 

{N.B. — Many  larvae    in  unusually    thickly    woven   cocoons — the  latter  in  the  bolls 
or  seeds.) 

10  cm.  Pit. — 1,000   bolls  ;  majority   unbroken,   condition   good  — 
Found    36  live  Pink  Bollworm  larvae. 
3  live  pupae. 
10  empty  pupa  cases. 
15  cm.  Pit. — 1,000  bolls.     Not  in  bad  condition  at  all.     Many   unljroken.     Better 
than  in  15  cm.  pits  of  Plots  1  and  ii — 
Found    64  live  Pink  Bollworm  larvae. 

20  live  pupae. 

14  empty  pupa  cases,  * 
( iV.B.— State  of  bolls  in  15  cm.  and  20  cm.  pits  much  about  the  same.) 
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20  cm.    Pit. — 1,000     bolls — not     in    bad     condition — slightly      decayed — many 
unbroken. 
Found     46  live  Pink  BoUworm  larvae 
8  live  pupae. 
22  empty  pupa  cases. 


BoUs  Removed  31st  May. 
Plot  I.    Berstm. 
■5  cm.  Pit. — Bolls  much  decayed  and  broken  up — 
Found     10  live  Pink  Bollworm  larvae. 
2  live  pupae. 
9  empty  pupa  cases. 
.  JO  cm.  Pit. — Bolls  very  much  decayed — not  all  broken  up — not  so  bad   as  15  or 
20  cm.  bolls. 
Found      4  live  Pink  BoUworm  larvae. 
0  live  pupae- 
8  empty  pupa  cases. 
15  cm.  Pit. — Bolls  very  much  decayed  and  broken  up.     Same  as  20  cm.  pit.— 
Found       1  live  Pink  Bollworm  larva. 

0  live  pupas. 

1  empty  pupa  case. 

20  cm.  Pit. — BoUs  very  much  decayed  and  broken  up — 
Found      0  live  Pink  Bollworm  larvae. 
0  live  pupae. 
0  empty  pupae. 

N.B. — The  1,000  bolls  removed  is  the  theoretical  number.  The  space  occupied  by 
each  1,000  bolls  was  marked,  but  when  bolls  were  much  decayed  one  could 
not  be  certain  of  course  of  reooveriiig  all  the  pieces . 

Plot  II.    Bare  Fallow. 

Note. — Bolls  in  5  and  10  cm.  pits  were  from  a  different  sample  to  that  used  for  the 
■other  pits  in  all  three  plots. 

5  cm.  Pit. — 1,000  bolls.     Condition  good  ;  a  few  only  broken  up — 
Found  214  live  Pink  Bollworm  larvae,  f  majority  in  the  tough  cocoons. 
0  live  pupae.  -i 

2  empty  pupa  cases.  ( in  fibre  of  boll  or  seeds. 
10  cm.  Pj7.— 1,000  boUs— about  two-thirds  of  bolls  broken  up- 
Found       2  live  Pink  Bollworm  larvae. 

0  hve  pupae. 
4  empty  pupa  cases. 
15  cm.  Pit. — 1,000  bolls — majority  broken  up  and  decayed — • 
Found      0  live  Pink  Bollworm  larvae. 

0  live  pupae. 

2  empty  pupa  oases. 
20  cm.  Pit.     1,000  bolls ;  much  decayed  and  broken  up- 
Found      0  live  Pink  Bollworm  larv«. 

1  live  pupa. 

7  empty  pupa  cases 
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Plot  III.  Wheat. 
5  cm.  Pit. — 1,000  bolls  ;  very  few  broken  up  j  condition  good. 
Found  123  live  Pink  BoUworm  larvse."J 

2  live  pupae.  >  many  larvae  in  the  tough  cocoons. 

14  empty  pupa  cases.  _) 

10  cm.  Pit  — 1,000  bolls  ;  not  much  decayed  and  a  few  only  broken  up. 
Found    21  live    Pink    BoUworm    larvse. 
5  live  pupje. 
10  empty  pupa  cases. 
15  cm.  Pit. — 1,000  bolls — very  roughly  about  40  per  cent,  not  broken  up  ;  decayed^ 
on  the  outside. 
Found      0  live  Pink  BoUworm  larvse. 
1  live  pupa. 
8  empty  pupa  eases. 
20  cm.  Pit. — 1,000  bolls ;  not  badly  decayed,  but  many  broken  up — 
Found       1  live  Pink  BoUworm  larva. 
1  live  pupa. 
4  empty  pupa  oases. 

Bolls  Removed  30th  June  1917. 

Plot  J.  Bersim. 

Note. — The  bersim  was  not  cut  untU  1st  July  so  soil  still  had  shade  of  crop  up  to- 
30th  June. 

5  cm.  Pit. — 1,000  boUs  ;  very  much  decayed  and  mostly  broken  up. 
Found      0  Uve  Pink  BoUworm  larvae. 

0  pupae  alive. 

1  empty  pupa  case. 

10  cm.  Pit. — No  time  to   examine  bolls.     Had  to  be  put  in  cages.     Results  calcu- 
lated from  moths  which  emerged. 
Found       1  live  Pink  BoUworm  larva. 
0  pupae. 

0  empty  pupa  cases  ? 

15  cm.  Pit. — Bolls  not  removed  until  31st  July.  Other  work  interfered  with 
this  experiment.  Nothing  emerged  from  these  boUs  which  were  kept  in 
cages. 

20  cm.  Pit. — Same  as  15  cms.  plot. 

Plot  II.  Bare  Fallow. 
5  cm.  Pit.^1,000  boUs  ;  condition  of  bolls  good. 
Found     13  live  Pink  BoUworm  larvae. 
10  live  pupae. 

1  empty  pupa   case. 

12  dead  larvse  found — dried  up. 

2  dead  larvae   still   soft. 

10  cm.  Pit. — Bolls  kept  in  cages.     From  dates  moths   emerged   3  Pink  BoUworm 

larvse  must  have  been  alive  on  30th  June. 
15  cm.  Pit.  7  1,000  bolls    removed  on   31st  July  and  kept  in   cages.     No   moths 
20  cm.  Pit.  i      emerged. 
But  this  does  not  indicate  for  certain  that  no  living  Pink  BoUworms  were  present 

on   30th  June. 
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Plot  III.     Wheat. 

5  cm.  Pit. — 1,000  bolls;    condition  not  bad — many  bolls  broken  up  and  many 
have  retained  their  form. 

Note. — The  bolls  which  have  decayed  to  a  considerable  extent  get  broken  up  during 
the  removal.  Naturally,  in  situ  they  retain  their  form  more  or  less,  owing  to  the  support 
of  the  surrounding  soil. 

Found      0  live  Pink  Boll  worm  larvse. 

0  live  pupa. 

1  empty  pupa  case. 

10  cm.  Pit. — 1,000  bolls  removed  and  put  into  cages.  No  moths  were  obtained. 
15  cm.  Piff  The  bolls  not  removed  until  31st  July,  put  into  cages.  No  moths 
20  cm..  Pit)      obtained. 

BoUs  Removed  31st  July  1917. 
Plot  I.    Bersim. 

The  bersim  was  cut  1st  June  so  during  July  there  had  been  no  shading  of  the  last 
section  of  the  pits. 

5  cm.  Pit. — 1,000  bolls    removed  31st  July  1917.     Bolls  very  much  decayed  and 
broken  up. 
Found      0  live  Pink  BoUworm  larvse. 
0  live  pupa. 
0  empty  pupa  case. 
10  cm.  Pit. — 1,000  bolls  removed  31st    July  1917  and  put   in  cage.     No  moths 

were  obtained. 
15  cm.  f 
20  cm.  i  ^^'^^  *'  1°  ^'"'-  P'*- 

Plot  II.    Bare  Fallow. 
5  cm.  Pit. — 1,000  boUs  removed  31st  July  1917.     Bolls  in  good  condition. 
Found      6  live  Pink  Boll  worm  larvse. 
6  Uve  pupae. 

2  empty  pupa  cases. 

13  Pink  Bollworm  larvse  dead  and  dried  up. 
1  Pink  BoUworm  larva  dead — still  soft. 
10  cm.  Pit. — 1,000  bolls  removed  31st  June  1917  and  caged.    Obtained  3  moths, 
showing  that  3  live  Pink  Bollworm  larvse  were  present  when  bolls  were 
removed. 
15  cm.  Pit.  7  2,000   bolls   removed  31st  July  1917  and  caged.     No  moths   were 
20  cm.  Pit.  5      obtained. 

Plot  III.  Wheat. 

5  cm.  Pit. — 1,000  bolls  removed  31st  July  1917.      Many  of  thesa  were  broken 
up. 
Found       1  Uve  Pink  Bollworm  larva. 
1  pupa  aUve. 

3  empty    pupa    cases. 
10  cm.  Pit.  ~) 

i<r  -       j>;i    I  1.000  boUs  removed  31st  July   1917  and  caged.     No  moths  were- 
15  cm.  fit.    ■     obt^i^e4_ 

20  cm.  Pit.  ) 

The  foregoing  results  are  summarized  m  the  following  table  : — 
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Total  Pink  Bollworms  which  Survived  in  Buried  Bolls. 


Plot  and  culture 

Live 
P.  Bs. 

Live 
pupae 

Empty 
pupa 
oases 

Total 

Plot      I.  Bersim         .... 
„      II  Bare  faUow    .... 
„      III  Wheat           .... 

76 
377 
396 

18 
29 

57 

69 
96 
104 

163 
502 
557 

Total 

849 

104 

269 

Note. — One  is  not  certain  if  all  empty  pupa  cases  found  in  the  boUa  were  left  by 
moths  which  emerge  after  or  before  boUs  were  buried.  I  think  most  larvje  pupated, 
after  bolls  were  buried. 

Total  Pupations  according  to  culture. 


Plot  and  culture 

Live  Pups  and 
Empty  Pupae 

Plot      I  Bersim 

„      II  Bare  fallow 

„    III  Wheat 

87 
125 
161 

IJoTE. — In  all  there  were  12  pits  containing  a  total  of  48,000  bolls.  I  judge  that 
when  buried  these  bolls  contained  a  total  population  of  at  least  40,000  live  Pink 
Bollworms. 

Total  Pink  Bollworms,  etc.,  which  Survived  in  Bolls  buried  at 
Different  Depths. 


PIT  5  CM 

DEEP 

PIT  10  CM. 
DEEP 

PIT 

15  CM. 

BEEP 

PIT   20  CM. 
DEEP 

Plot  and  culiure 

1 

1 

i 

g 

0. 

1 

S 

fM 

1 

1 
I 

1 
1 
i 

3 

1 
1 

a 

1 

a 

1 

1 

a 
1 

t 

1 

3 

Plot      I  Bersim      .... 

44 

11 

32 

23 

5 

15 

6 

1 

9 

3 

1 

14 

Plot    II  Bare  fallow 

357 

22 

24 

18 

0 

40 

1 

5 

12 

1 

2 

20 

Plot  III  Wheat       .... 

238 

19 

36 

58 

8 

20 

54 

21 

22 

47 

9 

26 

Totals 

639 

- 

92 

99 

13 

75 

61 

43 

51 

12  1  60 

TOTAL  PUPATION  AOCORDING  TO  DEPTH 

144 

83 

70 

72 
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At  our  Second  Meeting  I  called  your  attention  to  the  interesting 
results  obtained  by  Mr.  Willcocks  in  his  experiments  on  the  emergence 
of  loug-cycle  larvae  of  Platyedra  gossypiella  and  pointed  out  that  similar 
conditions  probably  exist  in  India.  In  gathering  material  for  the  present 
Meeting,  I  wrote  to  Mr.  Willcocks  and  asked  him  if  he  could 
contribute  a  note  on  any  further  work  he  may  have  done  on  this  insect 
and  he  has  very  kindly  forwarded  this  most  suggestive  paper.  In  a 
letter  forwarding  his  paper,  he  also  writes  as  follows  : — 

"  As  regards  the  Pink  BoUworm  :  since  1915  I  have  done  very  httle 
work  on  it  as  I  was  put  on  to  other  investigations  and  so  I  am  not  in 
a  position  to  communicate  any  very  interesting  matter  to  the  Meeting. 
at  Pusa,  but  please  accept  my  sincere  thanks  for  the  opportunity  to 
do  so,  you  so  kindly  offered  to  me. 

"  G.  gossypiella  is  still  a  very  serious  pest  in  Egypt,  but  it  is  hoped 
that  the  good  work  which  is  being  done  by  the  Entomological  and 
Administrative  branches  of  the  Ministry  of  Agriculture  will  soon  bear 
fruit — in  the  form  of  lighter  loss  from  Pink  Bollworm  attack.  I  have 
not  statistics  at  all  as  regards  the  loss  caused  by  this  insect  in  Egypt 
as  a  whole.  The  only  figures  available  refer  to  conditions  on  our  own 
farm  at  Bahtim,  near  Caii-o.  Here,  on  calculations  based  on  the  exami- 
nation of  the  bolls  from  200  plants  from  100  "  holes  "  or  "  nogras  " 
we  estimate  that  in  1915,  1916,  1917  and  1918  the  loss  was  approxi- 
mately between  30  and  40  per  cent,  of  the  crop. 

I  have  obtained  no  new  information  about  the  parasites  of  Gelechia. 
It  is  strange  that  you  have  not  been  able  to  breed  any  in  India.  If 
you  wished  to,  I  think  it  would  be  a  fairly  easy  matter  for  you  to  intro- 
duce living  Cre^ec/w'a-parasites  from  Egypt.  There  should  be  no  great 
difficulty  in  getting  Pimpla  roborator  across  in  consignments  of  Pink 
Bollworm  infested  bolls  (ripe)  picked — say  from  September  to  October. 
You  would  probably  get  Chelonella  sulcata  too  in  this  way.  Whether 
or  not  the  latter  is  of  any  importance  I  really  cannot  eay.  From  an 
interesting  communication  received  recently  from  Mr.  Dwight  Pierce 
in  America  I  gather  that  Chelonella  probably  lays  its  eggs  in  the  eggs  of 
the  Pink  Bollworm  moth.  This,  to  me,  was  news  indeed  and  cpiite 
an  undreamed  of  habit — it  seems  so  strange  for  such  a  comparative- 
ly large  insect  to  oviposit  in  the  minute  Gelechia  eggs. 

"  In  Egypt  we  (I  think  I  can  say  we)  are  still  very  much  in  the  dark 
as  to  the  relative  importance  of  the  various  natural  agencies  which 
check  the  PLok  Bollworm,  but  as  will  be  perfectly  clear  to  you,  the  proper 
investigation  of  this  question  would  employ  the  time  of  several  men 
for   some   considerable   time. 


PKOCEEDINGS    OF    THE    THIRD    ENTOMOLOGICAL    MEETING  541 

"  As  regards  attempts  at  artificial  control  of  the  pest  in  the  field 
you  may  perhaps  be  interested  in  an  experiment  I  made  with  Ught 
traps  in  1916. 

"  At  Ghezireh  (an  island  in  the  Nile  opposite  Cairo)  on  part  of  our 
grounds  which  are  some  distance  from  the  nearest  cotton,  I  had  sown 
three  plots  of  cotton  each  being  |  feddan  (acre)  in  area.  The  plots 
were  separated  from  each  other  but  only  by  quite  a  small  distance. 
On  one  plot  I  had  12  light  traps,  on  another  6,  and  the  third  plot  was 
kept  as  a  sort  of  control,  no  traps  being  employed  on  it. 

"  The  traps — small  paraffin  lamps  in  glass  lanterns  standing  in  trays 
containing  water  with  a  film  of  paraffin  on  the  surface,  the  whole 
supported  on  a  wooden  stand  about  level  with  the  tops  of  the  cotton 
plants,  each  lamp  being  visible  from  any  part  of  the  plot — were  started 
on  20th  June  and  were  run  continuously  until  28th  September  on  the 
12-lamp  plot,  and  to  21st  November  on  the  6-lamp  plot.  Heavy 
flooding  by  infiltration  from  a  high  Nile  caused  operations  to  be 
suspended  so  early  on  the  12-lamp  plot.  The  6-lamp  plot  was  finally 
flooded  too  but  not  quite  so  badly  and  we  were  able  to  get  to  the  traps 
by  building  raised  causeways.  Here  operations  were  continued  until 
no  more  moths  were  caught.  The  flooding  had,  I  think,  a  decidedy 
adverse  effect  on  Gelechia  and  so  rather  interfered  with  our  experiment. 
The  control  plot  was  also  flooded — it  was  the  first  to  suffer. 

"  During  the  whole  period  we  caught  a  total  of  roughly  16,000 
Gelechia  gossypiella.  Of  these  we  examined  some  13,000  for  sex,  finding 
9,000  females  and  5,000  males.  These  figures  are  given  under  reserve 
as  I  have  not  yet  worked  up  in  detail  all  the  data  available.* 

"  Although  the  females  greatly  outnumber  the  males  there  were 
periods  when  the  reverse  was  the  case.  The  question  of  the  fluctua- 
tion in  the  proportion  of  the  sexes  of  moths  captured  in  the  traps  is 
an  interesting  one  and  needs  investigating.  I  have  no  explanation  of 
it  sufficiently  definite  to  offer  at  present. 

"  Examination  of  the  ovaries  of  the  female  Gelechia  moths  showed 
that  a  very  large  number  of  them  contained  large  numbers  of  eggs  and 
-quite  a  number  appeared  to  me  to  have  been  captured  before  oviposi- 
tion  had  commenced. 

*  In  a  later  communication  Mr.  Willcocks  gives  the  following  figures  : — 

Females 10,141 

Males 5,959 

Not  examined        ....       2,853 

Total         .     18,952 
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"  Now  as  to  the  results  of  catching  this  number  of  moths  as  shown 
by  the  yield  from  the  difierent  plots — they  are  not  encouraging  ! 

"  The  following  Table  shows  the  amount  of  cotton  picked  and  the 
loss  we  estimated  to  have  taken  place  on  each  plot : 


FIRST  PICKING 

SECOND   PICKINO 

Both  Pickings 

^'°*                          Seed-cotton 
picked 

Estimated 
lesson 

first 
picking 

Sced- 
cotton 
picked 

Estimated 
loss  on 
second 
picking 

Total         Estimate 
l°lX         of  Total 

P'""""*        pickings 

E.        Ks. 
12  Lamps   .         .                  .17 
6  Lamps     .         .         .         .1          74 
Control        .         .         .         .  !     1            1 

Per  cent. 
17 
19 
25 

E.        1  Percent. 
0-23     1             63 
0-41      1              74 

0-32   j         re 

E.           Per  cent. 
1'25                 33 
1-64                   44 
1-31                    40 

K  =  Eati>ar,  Rs.  =  Rottle.' 

jf,B. The  crop  was  rather  late  and  flooding  interfered  with  the  second  picking. 

Part  of  the  12-lamp  plot  was  very  poor  ;  hence  there  occurred  the  lowest  yield  on  the  plot  which, 
showed  the  lowest  loss. 

"  From  these  figures  it  would  appear  that  the  intensity  of  the  attack 
was  rather  less  on  the  12-lamp  plot  than  on  the  others,  but  I  hesitate 
to  attribute  it  to  the  influence  of  the  12  traps.  The  following  figures 
obtained  from  an  examiaation  of  green  bolls  picked  from  the  three  plots 
on  25th  September  are  of  some  interest  since  they  also  show  that  the 
intensity  of  the  attack  was  less  on  the  12-lamp  plot. 


Number' 
bolls     1  Sound 

i 

AVERAGE 
KHMEER   OF 

AVERAGE  Number  op 

Plot 

Attacked 
worm      1     ^per 

sions  " 
per 
boll 

Pink  boll- 
found 
per  boll 

Pink  boU- 

worms 
found  per 
boll  if  exit 
holes  are 
counted  as 
Pink  BoU- 
wornis 

Total 

Number 

of 

Eariat 
in  all  the 

boUs 

12  Lamps       . 
6  Lamps       . 

Control  . 

125              23 

117  1             0 

142  1           10 

102              1-5 
117  '         2-63 

132            2-5 

2-8 

5-128 

5 

0-82 
1-7 

1-3 

1-36 
2-6 
2-9 

20 
16 
20 

N.B.—I  reckon  6  divisions  to  the  boU  of  3   locks— each   boU  of   uniipe  flbre   being  easily  divided 
into  two  pieces. 

"  My  preliminary  conclusions — so  far  as  I  have  any — on  this  experi- 
ment are  that  the  6  traps  on  -|  feddan  gave  no  protection  of  practical 
use  to  the  crop  ;  the  12  lamps  per  i  feddan  may  have  done  something 
to  lessen  the  attack,  but  as  I  do  not  know  that  all  other  conditions  were 
equal  on  the  3  plots  I  cannot  be  certain  that  this  result  was  entirely  due 
*  Kantar=Sl5  Bottles.     A  rottic  is  approximately  one  pound-weight. 
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to  the  traps.  From  a  practical  point  of  view  24  traps  t^bt  feddan  are 
I  think  out  of  the  question — unless  they  gave  immunity  from  Pink 
Bollworm  attack. 

"It  is  a  pity  that  this  experiment  was  so  interfered  with  by  the 
flooding  and  the  lack  of  uniformity  in  the  crop  apart  from  the  question 
of  insect  pests.  I  should  say  that  roughly  one-third  of  the  12-lamp 
plot  gave  practically  no  cotton  owing  to  poor  soil  and  to  the  influence 
of  a  row  of  mulberry  trees  along  one  side.  As  regards  growth  the 
6-lamp  and  the  control  plots  were  most  alike,  but  in  each  the  growth 
of  the  plants  was  rather  irregular. 

"  I  wonder  why  trapping  moths  does  not  have  more  eflect,  and 
suppose  it  is  because  one  does  not  catch  a  large  enough  proportion  of 
the  total  moth  population  present.  It  is  a  difficult  matter  to  explain 
why  one  can  catch  some  individuals  and  not  others.  Can  the  members 
of  a  species  vary  individually  as  regards  their  reaction  to  a  light  stimulus? 
Sometimes  I  begin  to  think  that  perhaps  it  is  only  the  fooUsh  or  inquisi- 
tive moths  which  are  lured  away  from  their  proper  occupations  to 
destruction  in  the  traps  ! 

"  One  point  that  was  rather  striking  was  the  number  of  injured 
bolls  on  plants  immediately  surrounding  and  actually  touching  the 
traps — in  this  respect  there  seemed  to  be  no  difference  in  close  and 
remote  plants  as  regards  distance  from  a  lamp. 

"  Some  years  ago  I  tried  the  effect  of  coloured  lights.  Blue  lanterns 
appeared  to  attract  Earias  insulana  to  a  greater  extent  than  white,  but 
I  rather  think  that  the  position  of  the  blue  in  relation  to  the  white  against 
which  it  is  being  opposed  may  have  a  good  deal  to  do  with  the  matter. 
The  Pink  Bollworm  moth  did  not  appear  to  exhibit  any  partiality  for 
blue. 

"  As  to  the  relative  attractiveness  of  coloured  hghts — (if  there  is 
any  such  thing — because  it  may  be  entirely  a  question  of  brilliance, 
visibility,  etc.) — the  figures  I  obtained  placed  the  coloured  light  traps 
in  the  following  order. 

1  2  3 

Blue.  White.  Green.  Red.  Orangu. 

"  The  question  of  high-power  against  low-power  hghts  is  of  interest 
because  possibly  one  very  brilliant  incandescent  oil  gas  hght  might 
do  the  work,  say,  of  24  low-power  paraffin  lamps.  I  was  only  able  to 
carry  out  a  trial  of  this  nature  on  two  occasions.  The  results  obtained 
showed  that  although  the  bright  light  (500-1000  candle  power)  caught  the 
most  moths  it  only  reduced  the  catches  in  the  paraffin  lamp  traps  close 
to  or  just  beneath  it. 
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"  I  think  myself  that  moths  are  not  attracted  to  light  from  any 
great  distance  and  that  they  have  to  come  near  to  a  light  in  the  course 
of  natural  flight  before  they  see  it  or  come  under  its  influence  ;  then 
no  doubt,  the  more  brilliant  the  light  is,  the  greater  its  power  over  those 
species  which  will  come  to  lights. 

"  Another  matter  in  which  I  am  interested  arid  to  which  I  have 
been  able  to  give  a  little  time  is  the  question  of  the  survival  of  resting 
Pink  Bollworms  in  fallen  bolls  buried  by  ploughing  the  land  for  tte 
crop  following  cotton. 

"An  experiment  of  a  simple  nature  was  carried  out  in  1917  with 
a  view  to  giving  us  more  information  on  this  point.  I  enclose  the 
results  in  tabular  form  and  other  details  on  separate  sheets  as  perhaps 
they  may  be  of  some  interest  to  you. 

"  This  experiment  really  requires  to  be  done  with  more  fineness  and 
attention  to  detail — for  instance,  it  would  be  desirable  to  know  the 
temperature  of  the  soil  from  day  to  day  and  the  moisture  content  of 
the  soil  and  the  influence  on  these  factors  of  the  different  crops  grown. 
Again,  if  one  could  devise  some  means  of  keejjing  track  of  all — or  at  any 
rate  most  of — those  Pink  Bollworms  which  one  Icnows  one  has  buried  in 
the  bolls  but  which  one  never  sees — or  rather  sees  so  few — figure  in  one's 
records,  it  would  be  a  great  gain.  It  is  not  possible  to  cover  in  a  plot 
because  by  so  doing  one  cuts  off  to  a  large  extent  the  influence  of  the 
sun — a  most  important  factor.  No  doubt  many  of  the  "  missing  " 
larvas  have  left  the  bolls,  made  their  way  to  the  surface,  and  crawled 
away,  but  I  do  not  feel  by  any  means  confident  that  this  is  the  explana- 
tion of  the  sudden  drop  in  the  number  of  the  larvae  surviving  in  buried 
bolls  during  the  period  end  of  May  to  end  of  June  and  subsequently. 
It  is  possible,  and  personally  I  think  it  quite  j^robable,  that  at  this 
season  many  larvse  are  killed  by  the  dry  soil  being  heated  up  to  a 
temperature  fatal  to  the  Pink  Bollworm  by  the  sun — at  any  rate  to  a 
depth  of  5  cm.  if  not  to  10  cm.  One  might  say,  as  there  are  no 
records  of  dead  larvse  being  found  in  the  bolls,  that  therefore  it  is  more 
probable  that  they  had  left  the  bolls  to  pupate  on  the  surface  than  that 
they  had  remained  to  be  baked  alive.  But  as  a  matter  of  fact  one 
cannot  employ  this  explanation  since  it  is  exceedingly  difficult  to 
spot  remains  of  dead  Pink  Bollworms  when  examining  bolls  which  have 
been  buried  and  are  therefore  more  or  less  rotten  and  much  discoloured 
— the  dead  Pink  Bollworms  being  in  the  same  state. 

"  The  presentation  of  records  showing  the  large  numbers  of  live 
larvse  present  in  bolls  kept  in  the  laboratory  on  certain  dates  is  also 
inconclusive  as  evidence  from  "  the  death  by  heat  "  explanation  rather 
than  the  "  evacuation  of  the  bolls  to  pupate  "  explanation,  because 
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the  temperature  conditions  in  the  soil  will  be  quite  different  to  what 
they  are  in  the  laboratory,  and  the  same  applies  to  the  humidity 
conditions. 

"  The  main  object  of  this  experiment  was  really  to  give  us  positive 
evidence  of  the  survival  of  the  Pink  Bollworms  in  bolls  buried  to  a 
depth  of  5-10  cm.  to  a  date  after  the  restrictions  on  the  irrigation  of 
shiraki  lands  [land  which  has  grown  crops  of  hersim,  beans,  wheat  or 
barley,  and  has  been  left  fallow,  after  the  cotton  crop]  are  removed ; 
this  happens  aS  a  rule  about  the  end  of  June.  We  obtained  our 
evidence,  since  at  the  end  of  July  there  were  still  Uve  Pink  Bollworms 
preseut  at  5  and  10  cm.  depth.  Other  experiments  at  this  time,  and 
others  made  in  1916  and  1918,  confirmed  this. 

"  I  am  thus  still  of  the  opinion  that  we  have  in  these  Pink  Boll- 
worm  infested  buried  bolls  a  source  from  which  the  growuig  cotton 
crop  might  be  infested.  But  as  to  its  relative  importance  in  this  connec- 
tion I  do  not  feel  in  a  position  to  say  anything  definite — all  I  can  say 
at  present  is  that  the  number  of  fallen  bolls  left  on  the  ground  after  a 
cotton  crop,  and  which  wiU  be  turned  in  by  ploughing,  etc.,  may  be 
very  large,  and  furthermore  the  Pink  Bollworm  population  in  these 
bolls  may  be  very  large  also — it  varies  of  course,  but  might  be  anything 
from  10,000  to  100,000.  Thus,  given  only  a  very  small  percentage 
of  survivals  to  the  end  of  June,  when  conditions — owing  to  the  watering 
of  the  dry  soil — I  mean  the  shiraki  lands— will  be  much  more  favourable 
to  the  Pink  Bollworm,  there  might  be  sufficient  moths  produced  from 
this  source  to  be  of  considerable  importance,  as  these  would  find  condi- 
tions in  the  cotton  fields  very  favourable  to  their  rapid  multipUcation. 

"  I  may  point  out  here  that  the  Ministry  of  Agriculture  do  all  they 
can  to  make  farmers  collect  fallen  bolls  before  ploughing  for  the  following 
ciop. 

"  You  will  see  by  the  results  given  in  the  Table  that  the  survival 
of  Pink  Bollworms  was  greatest  under  wheat  and  bare  fallow  and  least 
under  bersim. 

"  The  bolls  buried  under  wheat  crop  gave  us  the  highest  figure  for 
survival  of  Pink  Bollworms,  but  I  do  not  know  if  the  difierence  over  the 
figure  in  the  bare  fallow  pits  is  sufficient  to  signify  anything. 

"  I  attach  great  importance  to  the  influence  of  moisture,  when  the 
temperature  is  high  or  fairly  so,  on  the  activity  of  the  Pink  Bollworm, 
especially  in  inducing  the  larvae  to  leave  the  bolls  of  seeds  and  pupate. 
It  is  possible  that  the  soil  under  a  crop  receiving  only  a  very  moderate 
amount  of  water  would  be  drier  than  soil  bearing  no  crop,  owing  to 
the  large  amount  of  water  taken  and  evaporated  from  the  plants. 
However,  jn  this  case  I  cannot  say  that  the  wheat  pit  bolls  were  drier 
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and  so  larvae  would  be  less  likely  to  leave  the  bolls  to  pupate,  because 
as  a  matter  of  fact  I  rather  think  the  soil  under  the  wheat  was  moister 
than  it  should  have  been  on  account  of  seepage  from  a  near-by  canal 
through  which  water  was  run  fairly  frequently  to  irrigate  other  crops. 
Unfortunately  this  point  was  overlooked  at  the  time  when  the  pits  were 
dug,  the  land  then  being  uncropped. 

"  I  should  have  expected  the  smallest  number  of  live  larvae  from 
bolls  buried  in  Plot  I  under  bershn  as,  owing  to  the  large  amount  of  water 
necessary  for  the  growth  of  this  crop,  the  ground  is  always  moist,  not 
to  say  wet,  even  at  5  cm.  depth  during  the  winter  and  spring.  However, 
whether  the  effect  of  these  conditions  was  to  cause  the  larvae  to  leave 
the  bolls  in  greater  numbers  in  order  to  pupate  or  whether  they  died 
in  larger  numbers  owing  to  the  damp  surroundings  rendering  them  less 
resistant  to  diseases,  I  do  not  know — the  old  trouble  of  the  fate  of  the 
"  missing  "  larvae  again.  I  am  in  favour  of  the  first  explanation.  It 
is  curious  however  that  the  fewest  pupae  and  empty  pupa  cases  were 
found  in  the  pits  under  bershn  and  most  in  the  wheat-pit  bolls^the 
reverse  of  what  I  should  have  anticipated.  But  I  do  not  attach  much 
importance  to  the  figures  for  pupation ;  to  begin  with,  it  is  probably 
only  a  small  minority  of  larvae  which  pupate  in  the  soil,  and  also  the 
moister  the  soil  is  the  more  difficult  it  is  to  see  pupae  and  especially  empty 
pupa  cases  when  digging  into  the  soil — it  would  have  been  better  had 
the  soil  been  sifted. 

"  The  small  number  of  larvae  in  the  bolls  buried  at  15  cm.  and  20 
cm.  depth  I  also  account  for  by  the  much  moister  conditions  causing 
the  larvaj  to  leave  these  bolls  more  readily  than  those  under  the  drier 
surroundings  prevaiUng  in  the  5  cm.  and  10  cm.  pits: 

"  Please  make  any  use  of  this  letter  you  like — if  you  think  anything 
in  it  is  of  sufficient  interest.  You  will  not  mind,  I  am  sure,  my  saying 
that  I  must  reserve  the  right  to  also  pubhsh  the  figures  in  the  Society's 
publications,  should  my  Chief  wish  to  do"  so. 

"  I  much  regret  that  I  am  unable  to  give  you  more  information  on 
the  points  you  mentioned  in  your  letter,  but  I  have  been  working  on 
insects  feeding  on  the  graminaceous  crops  during  the  past  two  years 
and  have  had  little  time  to  give  to  the  Pmk  Bollworm. 

"  As  you  know  no  doubt,  we  have  Chilo  simplex  here  and  I  think 
Egypt  is  saved  from  very  serious  loss  from  this  insect  (which  I  think 
may  be  from  6-8  brooded)  by  a  iuinute  egg  parasite.  I  will  send  you 
specimens  of  the  latter  and  perhaps  you  would  be  so  kind  as  to 
compare  it  with  your  Chilo  egg  parasite  and  see  if  it  is  the  same." 
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Mr.  Willcocks'  paper  and  letter  answer  the  question  asked  just  Mr.  Fletober. 
now  by  Mr.  Burt  regarding  the  survival  of  Pink  Bollwoim  larvae  in 
bolls  which  drop  off  and  remain  in  the  field.  Of  course,  these  residts 
have  been  obtained  in  Egypt  and  require  checking  in  India,  but  the 
conditions  are  very  similar  and  I  have  little  doubt  but  that  the  larvae 
do  survive,  probably  over  more  than  one  year  in  many  cases,  in  India 
also. 

I  should  Hke  to  say  how  much  we  feel  indebted  to  Mr.  Willcocks 
for  sending  us  this  very  complete  information  and  also  to  Dr.  Gough 
for  coming  here  from  Egypt  and  telling  us  all  about  their  cotton  pests. 
It  woiild  perhaps  be  out  of  place  for  us  to  pass  a  formal  vote  of  thanks 
to  the  Ministry  of  Agriculture  of  His  Majesty  the  Sultan  of  Egypt  for 
sending  Dr.  Gough  to  India  to  attend  our  Meeting,  but  I  propose  to 
ask  the  Government  of  India  to  thank  the  Egyptian  Government  for 
sending  an  official  delegate  in  the  person  of  Dr.  Gough.  We  hope 
that  this  is  not  the  last  Meeting  at  which  we  shall  see  a  representative 
from  Egypt. 

I  wish  to  thank  Mr.  Fletcher  for  all  that  he  has  said.     I  have  learnt  Dr.  Ooogb. 
a  good  deal  at  this  Meeting  and  the  Egyptian  Government  has  got  good 
value  for  its  money. 


^ 


20.— SOME  PESTS  OF  COTTON  IN  NORTH  BIHAR. 

By  C.  S.  MiSRA,  B.A.,  First  Assistant  to  the  Imperial  Entomologist. 

We  first  devoted^. ourselves  to  the  study  of  the  cotton  pests  in  1906 
when  a  greater  portion  of  the  cotton  crop  was  damaged  by  the  boll- 
worms,  Earias  fahia  and  E.  insulana,  in  the  Punjab.  Subsequently 
when  there  was  a  partial  failure  of  the  cotton  crop  in  Sind  in  1907 
and  I  was  deputed  by  the  Imperial  Entomologist  to  make  investigations 
regarding  the  incidence  of  the  bollworm  attack,  the  percentage  of 
parasitization,  etc.,  at  the  instance  of  the  Bombay  Government,  the 
importance  of  a  detailed  study  of  the  cotton  pests  was  fully  brought 
to  the  fore.  For  a  few  years  subsequent  to  these  preliminary  investi- 
gations we  devoted  ourselves  to  the  study  of  the  parasites  and  had 
some  cotton  grown  at  Pusa  to  allow  the  parasites  to  breed  and  to 
distribute  them  to  such  places,  especially  the  Punjab,  when  required 
to  do  so.  Prior  to  these  investigations,  some  experiments  regarding 
the  suitabiUty  of  cotton  as  a  field  crop  in  North  Bihar  to  make  up  the 
loss  caused  by  the  low  prices  of  indigo  due  to  the  introduction  of 
synthetic  colours  were  carried  out  by  the  Imperial  Agriculturist,  Pusa. 
In  these  experiments  the  varieties  of  tree  cottons,  as  well  as  exotics, 
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figured  largely  and  it  was  found  ultimately  that  cotton  as  a  field  crop 
was  not  expected  to  yield  financially  under  the  peculiar  climatic  condi- 
tions prevailing  in  Bihar,  where  the  heavy  rains  during  the  growing 
season  were  found  to  retard  the  growth  of  the  plants  so  much  that  they 
became  stunted  and  sickly  in  growth.  In  consequence  of  this,  the 
flowering  as  well  as  the  boiling  periods  were  considerably  lengthened 
with  the  result  that  the  lint  in  the  open  bolls  was  spoiled  by  the  winter 
rains.  It  was  then  found  that,  along  with  the  cUmatic  conditions,  the 
insect  pests  damaged  the  crop  considerably  and  reduced  the  outturn 
so  much  that  it  was  not  at  all  found  profitable  to  grow  it.  In  the 
begmning,  when  the  plants  were  hardly  six  to  eight  inches  high,  ground 
grasshoppers,  Chrotogonus  spp.,  appeared  in  enormous  numbers  and 
cut  away  the  tops  of  the  tender  plants.  In  one  year  these  were  so- 
plentiful  that  in  some  plots  three  to  four  sowings  had  to  be  done  before 
germination  could  be  secured.  Later  on,  when  the  plants  were  a  foot 
high,  large  numbers  of  Sylepta  derogala  caterpillars  appeared  in  large 
numbers  and  damaged  the  crop  considerably.  Along  with  these 
appeared  the  shoot-weevil,  Alcides  leo^iardus,  and  the  stem-weevil, 
Pempheres  affinis.  The  last  was  so  severe,  especially  in  the  tree  cottons 
and  other  broad-leaved  exotics,  that  almost  all  the  plants  were  affected 
and  showed  gall-like  swellings  on  the  stems.  In  some  varieties  these 
gall-like  swelhngs  weakened  the  plants  so  much  that  they  broke  in  two 
with  the  first  sharp  storm  of  wind  and  rain.  We  tried  several  measures 
to  circumvent  the  pest  but  to  no  purpose.  Removal  of  the  affected 
plants  left  very  few  plants  in  the  plots  to  make  the  crop  a  success. 
Broach  deshi  was  sown  as  a  trap  crop  between  rows  of  tree  cottons  and 
broad-leaved  exotics  but  to  no  purpose.  A  series  of  plants  was  painted 
with  various  deterrent  mixtures  but  all  to  no  purpose.  The  cost  of 
these  was  found  to  outweigh  the  profits.  While  these  were  present, 
the  leaf-hoppers,  Em,poasca  notata,  appeared  in  enormous  swarms  sucking 
away  the  sap  which  would  have  gone  to  mature  the  plants.  The  leaves 
curled  badly,  became  pale  and  seared  and  dropped  off  prematurely.. 
The  bollworms  too  did  not  fail  to  put  in  their  appearance  and  com- 
pleted the  cycle  by  contributing  their  own  share.  The  Red  Cotton 
Bug,  Dysdercus  cingulatus,  and  the  dusky  cotton  bug,  Oxycarenus  Imtus, 
spoiled  whatever  little  lint  was  left  on  the  cotton  plant.     (Plate  93.) 

Such  was  the  history  of  the  cotton  crop  in  its  initial  stage  of  intro- 
duction in  North  Bihar  and  the  consensus  of  opinion  was  that  the  crop 
could  under  no  circumstances  be  said  to  be  a  profitable  one  in  the  parti- 
cular tract  under  the  peculiar  climatic  conditions  prevaihng  there. 
But  with  us  the  crop  had  a  different  function  to  perform.  We  had  to^ 
grow  it  for  carrying  on  the  bollworms,  Earias  fabia,  E.  insulana  and 
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Platyedra   (Pedinophora)  gossypiella,  from  generation  to  generation  to 
allow  the  parasites  to  breed  and  to  send  these  if  required  either  to  the 
Punjab  or    the  North- West  Frontier  Province  as  the  necessity  arose. 
Now  that  we  have  been  growing  cotton  for  the  last  14  years,  we  have 
come  to  the  conclusion  that  the  experiments  are  considerably  hampered 
by  the  presence  of  such  insidious  pests  as  : — 
Pseudococcus  corymbatus.  Green. 
Phenacoccus  hirsutus,  Green. 
Pseudococcus  virgatus,  Ckll. 
Macharota  planititB. 
Saissetia  nigra. 

Eriophyes  sp.  (possibly  gossypii). 
Of  these,  the  mealy-bugs  have  been  especially  troublesome,  due  no 
doubt  to  our  allowing  the  cotton  crop  to  remain  on  the  ground 
uninterruptedly  throughout  the  year.  As  a  part  of  our  investigations 
regarding  the  parasitization  of  the  Bollworms,  Earias  Jabia,  E.  insulana 
and  P.  gossypiella,  throughout  the  year,  the  plants  have  to  remain  on 
the  ground  and  as  such  the  mealy-bugs  have  run  their  course  uninter- 
ruptedly with  the  result  that  during  the  present  season  the  plants  became 
so  heavily  infested  that  in  some  varieties  they  were  denuded  of  their 
leaves  and  appeared  white  with  the  cretaceous  white  flocculent  maiss 
of  the  female  ovisacs  especially  of  Pseudococcus  corymbatus  and  Phena- 
coccus hirsutus.  On  some  plants  the  females  congregated  in  such  large 
numbers  that  their  ovisacs  coalesced  and  the  shoots,  the  branches  and 
the  stems  appeared  white  at  a  distance  (see  photograph).  This  white- 
ness was  very  prominent  on  the  affected  plants  until  a  week  ago,  but 
now  has  been  washed  off  by  the  recent  rains.  The  curled  topshoots 
are  still  present  on  the  plants  (2nd  February  1919)  and  in  some  varieties 
there  has  been  so  much  dram  of  the  plant  food  that  the  plants  have 
become  gnarled  and  stunted  with  hard  compact  top-shoots  and  a 
"  minimum  of  leafage  on  them.  Such  plants  have  failed  to  put  forth 
flowers  and  bolls  and  in  consequence  we  got  very  few  bolls  this 
season  to  continue  our  weekly  cotton  countings  for  the  bollworms 
and  their  parasites.  Of  these  mealy-bugs  Pseudococcus  corymbatus 
and  Phenacoccus  hirsutus  are  the  worst.  Both  appear  together  on  the 
cotton  top-shoots  and  one  who  has  not  worked  at  them  closely  will 
find  it  difficult,  if  not  impossible,  to  differentiate  the  species.  But 
with  practice  the  task  becomes  fairly  easy.  The  females  and  eggs  of 
Pseudococcus  corymbatus  are  dark  castaneous,  whilst  those  of  Phena- 
coccus hirsutus  are  bright  pink.  The  former  has  been  found  by  me 
to  occur  on  cotton  and  soy  bean  at  Pusa,  the  latter  has  been  found  on 
Morus  spp.  and  cotton.     Pseudococcus  virgatus  (Plate  94,  fig.  1)  occurs. 


550 


-EOCEEDINGS   OF   THE  THIRD   EXTOMOLOCaCAL   MEETING-. 


with  these  both  on  Moms  spp.  and  cotton  and  can  readily  be  distin- 
guished from  P.  corymbaius  and  Phenacoccus  hirsutus  in  being 
pale-white.  All  the  three  mealy-bugs  appear  together  on  the  cotton 
top-shoots.     They  can  be  difierentiated  easily  thus  : — 


Pseudococcus  corymbatu 


Phenacoccus  hirsutus. 


Pseudococcus  virgaius. 


Eggs. — Round,  cylindrical, 
flattened  at  both  ends, 
dark  castaneous,  fully- 
covered  over  with  fine 
cretaceous  white  floc- 
culent  material  forming 
the  female  ovisac. 


Nymphs. — Deep  chocolate, 
dorsum  covered  thinly 
with     a    whitish    meal. 

Females. — Dark  castane- 
ous, completely  covered 
with  sticky  cretaceous 
white  ovisac  also  con- 
taining chocolate  brown 
eggs.  The  female  if 

removed  from  the  ovisac 
is  covered  thinly  with 
whitish  meal. 


Eggs. — Round,  cylindrical, 
flattened  at  both  ends, 
bright  pink  lying  close 
to  each  other  within  the 
female  ovisac  made  up 
of  thin,  cretaceous  white 
cottony  threads.  The 
flocculent  material  is 
not  so  sticky  as  that  of 
P.  corymbaius  and  the 
eggs  could  be  seen  dis- 
tinctly within  the  ovi- 
sac with  a  hand  lens 
magnifying  10  diameters. 


Nymph. — Bright  pink,  dor- 
sum covered  with  a  thin 
whitish  meal. 

Females. — Bright  pink,  to 
darkpink,  cretaceous 

white  cottony  ovisac 
completely  covering  the 
female  with  eggs  wliich 
too  are  bright  pink.  The 
flocculent  whitish  mate- 
rial of  the  ovisac  con- 
sists of  cottony  threads 
which  are  not  so  sticky 
as  in  P.  corymbaius. 


Eggs. — Round,  cylindrical, 
flattened  at  both  ends, 
few,  bigger  than  those  of 
P.  corymbaius  or  P.  hirsu- 
lus.  Pale  yellow.  Very 
thinly  covered  with  a 
few  white  cottony 
threads. 


Nymph. — Pale  yellow,  with 
two  stout,  cretaceous 
threads  at  pygidial   end. 

Females. — Pale  yellow  to 
dusky  yellow  at  period  of 
gestation,  eggs  are  also 
paid  yellow,  fewer  in 
number  than  those  of  P. 
corymbaius  of  P.  hirsu. 
tus.  Ovisac  does  not 
cover  up  the  female  as 
well ,  a-  the  eggs.  The 
gravid  female  has  two 
stout  caudal  threads  at 
anal  lobes.  The  whitish 
cottony  threads  forming 
the  ovisac  are  few  and 
lie  loosely  below  and 
laterally  of  the  female 
while  laying  eggs. 


The  above  description  is  from  specimens  not  treated  with  KOH. 
If  these  are,  however,  treated  in  KOH  10  per  cent,  over  a  spirit  lamp 
or  a  laboratory  gas-bumer,  the  reactions  are  very  prominent  and 
characteristic. 

Pseudococcus  corymbaius.  Turns  deep  blackish  green  or  practically 
black,  then  deep  green,  light  green,  finally  clears  up  after  a  brisk  boil 
of  7  to  10  minutes.  Even  then  in  some  cases  the  visceral  contents  are 
not  easily  ejected.     These  take  a  much  longer  time  to  clear  up. 


Fig.  y.—J'sendococciis     rirf/atifs    on   cotton  ;  Pusa  ;    14th 
April  1918.    The  same  species  is  also  fojnd  on  mulberry. 


[51  [i). 


Fig.  2. —  T'soKforoccii.s  cofpinhatiin.  Green  ;  1,   pygidial    end    of    female, 

enlarged  ;  2,  posterior  leg  of  female    133  ;  3,  antenna  of  newly  hatched  larva     67  ;  4, 
nymph  immediately  after  hatching      133.     (Note  presence  of  lingula.) 
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Pseudococcusvirgatus.  The  female  when  treated  with  KOH  10  ^er 
■cent,  turns  light  brown  and  begins  to  clear  up  3-4  minutes  after  boiling. 

Phenacoccus  hirsutus.  When  treated  with  KOH  10  per  cent,  turns 
bright  pink  and  begins  to  clear  up  after  3-4  minutes. 

In  prepared  and  mounted  specimens  the  three  species  may  be 
separated  first  by  their  antennae  and  then  by  their  pygidial  ends. 
The  antennae  in  Pseudococcus  corijmhatus  are  T-jointed,  whilst  in  Phena- 
coccus hirsutus  they  are  9-iointed.  The  anal  lobes  on  the  pygidial  ends 
are  also  important  characters  to  differentiate  with. 

On  the  cotton  plant  the  three  species  of  mealy-bugs  occur  together. 
But  for  the  last  two  years  we  have  had  much  to  do  with  P.  corymbatus 
and  P.  hirsutus.  Both  occur  together  on-  the  cotton  top-shoots  and 
in  some  cases  their  ovisacs  are  so  closed  together  that  they  form  a  whitish 
patch  10  to  15  mm.  long.  When  several  hundreds  of  these  are  present 
together  on  the  stems  and  top-shoots  these  appear  white  from  a  distance 
as  seen  in  the  photographs  above.  The  effect  is  that  the  top-shoots 
become  hard  and  compact  and  the  growth  of  the  plants  is  retarded 
considerably,  with  the  result  that  the  flowering  jis  well  as  the  boiling 
periods  are  delayed  and  a  minimum  number  of  bolls  is  put  forth.  These 
too  are  not  well  developed  and  a  good  percentage  of  them  falls  o£E  with- 
the  least  shaking  of  plants  and  I  think  a  majority  of  them  become 
affected  with  the  internal  Boll  disease  so  much  heard  of  in  the  West 
Indies.  No  doubt  a  counting  of  these  windfalls  has  shown  us  that  a 
good  percentage  of  them  is  more  or  less  affected  by  the  boll  worms. 

Pseudococcus  corymbatus  (Plate  94,  fig.  2,  and  Plate  95).  The  eggs 
lie  touching  each  other  within  the  female  o^'isac.  Each  egg  is  from  -32 
to  -36  mm.  long  and  "15  to  -18  mm.  broad,  cylindrical,  rounded  at^both 
ends,  somewhat  broad  in  the  middle,  dark  castaneous.  The  chorion 
covered  with  a  fine  whitish  meal.  When  fully  matured,  one  end 
becomes  translucent  under  the  microscope  (aaxb  Zeiss)  and  the 
fully  matured  nymph  can  be  seen  within.  When  the  nymph  hatches 
a  slit  opens  towards  the  end'  suffused  with  dark  chocolate  and  the 
nymph  comes  out,  leaving  the  empty  eggshell  in  the  female  ovisac. 
These  appear  as  pale  white  shrivelled  pellicles  interspersed  freely 
in  the  female  ovisacs  and  appear  distinctly  under  the  microscope  in 
contrast  with  the  chocolate  brown  eggs  and  the  whitish  threads  of 
the  ovisac. 

After  hatching  the  nymph  moves  about  in  search  of  food  and  as 
soon  as  it  comes  upon  a  succulent  place  it  fixes  itself  and  begins  to  feed. 
In  the  majority  of  cases  observed  the  nymphs  congregated  together 
on  the  leaf-stalks  and  the  stems  of  shoots.  They  are  gregarious  in 
habit  and  a  number  of  them  may  be  seen  together  on  the  leaf-stalks 
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and  stems— especially  the  apical  ones.  In  this  case  I  did  not  find  ants- 
attending  upon  the  nymphs  to  lick  the  honey-dew  as  has  been  seen  in 
the  case  of  Phenacoccus  hirsutus  on  cotton.  The  male  nymphs  prior 
to  pupation  generally  remain  under  a  thin  whitish  floss  near  the  midribs 
of  Reaves  at  the  curled  lateral  portions  of  leaves.  The  female  npnphs 
remain  feeding  and  developing  near  the  nymphs,  but  these  are  found 
mostly  on  the  apical  shoots.  A  thin  whitish  meal  covers  the  dorsum 
of  the  female,  and  appears  laterally  as  well.  This  is  an  index  that  the 
nymphs  have  matured  into  females  which  are  about  to  lay  eggs,  which 
lie  close  together  within  the  ovisac.  In  one  case  a  female  was  observed 
to  lay  eggs  in  a  thin  line  wtere  each  egg  appeared  like  a  bead.  Some 
time  after  the  same  female  was  observed  to  have  ceased  laying  eggs. 
On  examination  on  the  27th  January  1919,  it  was  found  to  have  been 
parasitized  by  a  Chalcidid  and  on  dissection  the  pupa  of  the  Chalcidid 
parasite  was  found  near  the  mentum.  This  showed  that  the  internal 
Chalcidid  parasite  hibernates  during  the  winter  within  the  body  of  its 
host,  the  female. 

The  nymphs  as  a  rule  are  dark  castaneous  and  as  such  may  easily 
be  distinguished  from  those  of  P.  hirsutus  which  are  bright  pink  or 
from  those  of  P.  virgatus  which  are  pale-yellow.  On  some  cotton  top- 
shoots  the  three  species  of  nymphs  may  be  seen  feeding  together  but 
with  the  above  test  they  can  easily  be  differentiated.  In  fact,  while 
I  was  working  out  the  life-history  of  P.  hirsutus  causing  Tukra  disease 
in  mulberry,  it  was  a  common  sight  to  see  the  nymphs  of  P.  hirsutus 
and  P.  virgatus  feeding  together  on  the  same  shoots  and  I  used  to 
separate  them  with  the  colour  test  alone  and  thus  could  isolate  the 
species  for  specific  observations.  Like  the  females,  the  nymphs  too 
are  parasitized  by  three  species  of  Chalcididae.  The  parasitized  nymphs 
swell  up  and  turn  into  round  cyUndrical  bodies  with  both  ends  flat- 
tened. The  parasitized  nymphs  thus  become  very  conspicuous  and  may 
then  easily  be  separated  under  a  dissecting  microscope  from  other  healthy 
nymphs.  The  parasite  emerges  by  pushing  out  the  flattened  end  at  one 
side,  leaving  the  dead  host  either  on  the  shoots  or  near  the  eggs  within 
the  ovisacs.  A  healthy  nymph  is  dull  chocolate  brown  or  dark 
castaneous,  with  legs  and  antennae  stramineous.  The  dorsum  is  covered 
with  a  thin  whitish  meal  and  the  abdomen  is  distinctly  segmented 
dorsally.  Setae  to  anal  lobes  concolorous  with  legs  and.  antennae,  with 
a  pair  of  stout,  whitish  threads  on  the  pygidial  cleft.  This  description 
apphes  to  a  nymph  just  out  of  the  eggshell  and  not  treated  with 
caustic  potash.  The  adult  female  (not  treated  with  -caustic  potash)  is 
broad  and  flat,  dark  castaneous,  with  the  dorsum  covered  with  a  thin 
whitish  meal.     Legs  and  rostral  setae  yellow,  castaneous. 
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Fig.  2.—Fseudococcus  corymhatus,  Green,  on  cotton  ;  Pusa,  January  1919. 
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When  cleared  with  KOH  and  mounted  in  Balsam,  it  appears 
ovoid  with  the  antennae,  legs,  mentum,  rostral  setae,  and  the  anal  lobes 
distinct. 

The  male  puparium  lies  on  the  shoots  near  the  eggmasses  of  females 
or  away  on  the  curled  leaves.  It  is  covered  with  a  thin  whitish  floss 
and  is  very  much  hke  the  male  puparium  of  P.  hirsutus  exceptuig  that 
it  is  dark-brown  in  colour  with  the  antennae  addressed  fronto-laterally. 
The  male  is  a  fragile  castaneous  brown  insect  with  a  pair  of  broad 
mealy  wings.  Its  antennae  and  legs  are  light  stramineous.  They 
emerge  in  numbers  from  August  to  end  of  October.  The  winter  is 
passed  in  the  egg  and  nymphal  stages  though  females  are  also  to  be 
seen,  but  the  majority  of  them  lie  quiescent  after  having  laid  the  eggs. 
This  year  I  found  a  full-developed  male  lying  by  the  side  of  empty  eggs 
on  the  27th  January  1919.  The  male  had  fully  developed  wings  and 
a  pair  of  anal  cretaceous  white  threads  and  would  possibly  havg 
emerged  had  not  the  temperature  gone  down.  At- the  time  of  writing 
this  note  (5th  February  1919),  it  is  lying  by  the  side  of  a  female  ovisac 
from  which  the  eggs  are  emerging  in  large  numbers. 

The  nymphs  and  the  gravid  females,  as  well  as  those  which  have 
laid  eggs,  are  parasitized  by  three  species  of  Chalcididae.  As  already 
stated  above,  the  parasitized  nymph  turns  deep  black-brown  in  colour 
and  swells  up  into  a  miniature  cylinder  with  both  the  ends  flattened. 
When  the  adult  parasite  emerges  it  pushes  out  the  cap  over  one  end 
and  escapes.  A  parasitized  female  ceases  to  lay  eggs  and  if  parasitized 
when  the  egg-laying  has  not  been  completed  the  mass  of  eggs  remains 
uncovered  with  the  whitish  cottony  threads  forming  the  female  ovisace. 
I  have  not  up  till  now  found  any  parasites  either  on  the  eggs  or  the 
adults.  Numbers  of  Scymnus  nuhilans  grubs  may  be  seen  present  in  the 
midst  of  eggmasses  and  burrowing  below  these  to  reach  the  female.  The 
grubs  have  not  hitherto  been  seen  devouring  the  eggs  although  a  few 
eggs  may  be  seen  lying  spoiled  here  and  there.  The  Scymnus  grubs 
have  been  noticed  to  exhibit  an  especial  liking  for  the  females  whom 
they  try  to  reach  by  burrowing  inside  or  through  the  eggmasses  even. 
In  one  case  an  eggmass  showed  no  presence  of  a  Scymnus  grub  within, 
but  when  it  was  opened  up  a  Scymnus  grub  was  found  within  burrowing 
through  the  eggs  to  reach  the  female  (13th  August  1918).  From  August 
to  October  a  number  of  adult  Scymnus  nubilans  was  seen  on  the  leaves 
as  well  as  on  affected  cotton  shoots  and  this  period  represents  the 
maximum  activity  of  the  cotton  mealy-bug  P.  corymbatus.  During 
the  last  season,  1918-19,  it  was  found  that  P.  corymbatus  was  present 
in  large  numbers  on  the  cotton  and  on  soy  beans  and  the  number  of 
P.  hirsutus  was  less.     But  by  the  beginning  of  November  the  majority 
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of  the  nymphs  and  females  of  the  former  were  parasitized  and  an 
examination  of  the  affected  cotton  shoots  in  the  middle  and  end  of 
December  showed  that  P.  liirsidus  was  present  in  larger  numbers  than 
P.  corymbatus.  The  three  species  of  Chalcididse  found  to  parasitize 
P.  hirsutus  are  probably  the  same  which  parasitize  P.  corymbatus,  but 
in  the  absence  of  specific  determination  I  am  chary  of  confirming  this 
view.  The  identification  of  Indian  Chalcididje  is  a  tedious  business 
and  we  have  to  wait  for  long  months  or  even  years  to  get  the  identifica- 
tion of  a  Umited  number  of  specimens  even.  I  hope  to  send  these 
specimens  out  for  identification  soon  and  on  receipt  of  identifications 
will  communicate  them  to  you  if  desired. 

A  Cecidomyiad*  has  also  been  found  to  prey  upon  the  njonphs  and 
adults  of  this  species.  The  predaceous  maggot,  which  is  pale-yellow, 
pointed  at  one  end  and  bluntly  rounded  at  the  other,  may  be  seen  within 
or  near  the  eggmasses.  I  have  seen  these  maggots  attacking  and  sucking 
•dry  the  nymphs  and  gravid  females  as  well  as  those  that  have  finished 
laymg  eggs.  In  this  case  I  have  not  as  yet  seen  the  predaceous  maggots 
sucking  dry  the  eggs  whose  empty  eggshells  he  stuck  upon  the  ovisac- 
floss,  though  I  have  seen  them  attacking  the  eggs  of  P.  hirsutus.  It 
is  just  possible  that  this  observation  has  escaped  me  though  they  might 
be  attacking  the  eggs  as  well.  The  maggot  when  full-fed  pupated  in 
situ  and  the  adult  fly  emerged  leaving  the  empty  puparium  stuck  up 
in  the  cottony  floss  of  the  female  ovisac.  An  examination  of  a  large 
number  of  ovisacs  under  the  microscope  revealed  the  presence  of  3  to 
.as  many  as  7  empty  pale-yellow  cocoons  of  the  predaceous  6ecidomyiad 
lying  bolt  upright  with  prominent  frontal  sutures  on  them  through 
which  the  adult  flies  had  escaped.  These  cocoons  on  account  of  their 
pale-yellow  colour  are  seen  in  good  contrast  against. the  whitish  back- 
ground formed  by  the  coalescence  of  two,  three  or  even  more  ovisacs 
of  the  female  mealy-bug.  This  Cecidomyiad  fly  is  the  same  as  the 
one  that  preys  upon  the  eggs,  nymphs  and  females  of  P.  hirsutus  causing 
Tiihra  disease  of  mulberry  plants  and  the  fact  has  already  been  referred 
to  by  me  under  a  separate  paper  on  "  Tuhra  disease  of  Mulberry  "  read 
at  this  Meeting. 

Besides  the  Chalcididse  and  Cecidomyiad  fly  parasites  and  preda- 
-tors  on  the  cotton  mealy-bug,  Eublemma  quadrilineata  has  been 
.also  found  predacious  on  the  mealy-bug.  The  caterpiUars  have 
been  seen  to  clear  off  whole  colonies  of  them  on  the  shoots,  but  their 
appearance  is  very  spasmodic  and  cannot  be  reUed  upon  to  be  used 
as  agents  of  destruction  of  the  cotton  mealy-bug.     The  very  same 

*  Since  named  by  Professor  E.  P.  Felt  as  DMiploris  indica,  n.  sp. — Editor 
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Species,  Eublemma  quadrilineala,  has  been  seen  to  clear  off  colonies 
of  P.  Jiirsutus  on  mulberry  slioots,  but  they  appear  late  when  the  majority 
of  the  damage  has  been  done. 

During  August-September-October  1912,  and  again  during  October 
last  year,  a  large  number  of  Drosophilids,  Gitonides  perspicax,  Knab., 
was  seen  on  cotton  shoots  affected  by  P.  corymbatus  and  P.  hirsutus. 
Hitherto  I  have  seen  only  the  puparia  of  the  fly  lying  in  large  numbers 
within,  near  and  under  the  whitish  felted  material  formed  by  a  number 
of  females  having  congregated  together  to  feed  and  to  lay  eggs.  The 
literature  so  far  available  for  reference  shows  that  Drosophilid  flies 
are  not  parasitic  in  habit.  They  ^re  attracted  either  by  the  secretions 
of  insects  or  by  the  special  aroma  wafted  from  plants  infested  with 
plant  lice  and  scale  insects.*  But  in  this  case  I  have  reasons  to  believe, 
though  I  am  not  as  yet  certain,  that  the  flies  are  predaceous  on  the 
female  mealy-bugs.  I  shall  avail  myself  of  the  next  opportunity  of 
confirming  the  above  opinion.  In  the  majority  of  cases  examined 
the  empty  puparia  of  the  fly  have  been  seen  in  large  numbers  lying 
close  to  or  below  the  female  mealy-bug  in  such  a  position  as  to  show 
that  the  fly  must  have  affected  the  female  adversely.  In  some  cases 
the  puparia  were  found  with  a  portion  of  the  cuticle  of  the  female  mealy- 
bug adhering  close  to  them  (Plate  96,  fig.  1).  However,  it  is  only 
future  observations  that  will  clear  up  this  point.  In  August  1912. 
and  again  late  in  December  1918,  a  large  number  of  flies  was  seen 
to  emerge  from  cages  containing  affected  cotton  shoots.  I  have 
hitherto  found  the  fly  on  affected  cotton  shoots  and  in  one 
instance  bred  it  from  mulberry  shoots  affected  by  P.  hirsutus. 
Besides  these,  a  large  number  of  Anthocorid  nymphs  are  found 
on  shoots  infested  by  the  mealy-bug  and  it  is  possible  that  they 
are  predaceous  on  both  the  cotton  Aphis  and  the  nymphs  of  P. 
corymbatus.  In  one  instance  a  pupa  of  a  Hemerobiid,  NotiobieUa  sp., 
was  found  on  a  cotton  shoot  heavily  infested  with  P.  hirsutus  and  P. 
corymbatus,  and  on  the  29th  January  last,  the  adult  emerged.  The 
pupa  was  lying  embedded  in  the  whitish  felted  material  forming  the 
ovisac  of  females  of  the  two  species  of  mealy-bugs.    As  no  more  nymphs 


*  Note. — After  this  note  was  read  on  the  8th  February  1919  my  attention  was  drawn 
to  an  article  in  the  Bulletin  of  Entomological  Research,  Vol.  IX,  part  2,  pp.  157-162, 
figs.  1-4,  September  1918,  where  Mr.  C.  G.  Lamb  had  described  Drosopliila  ^taradoxa  as 
being  parasitic  on  a  Cercopid  ot  the  genus  Clastoptera.  On  a  further  reference  to  past 
literature  it  was  found  that  the  late  Mr.  Frederick  Knab  had  described  Gitonides  perspi- 
cax as  parasitic  on  Pseudococcus  on  sugarcane,  Honolulu  (Hawaii),  on  Pseudococcus 
common  on  shrubs  and  trees,  Manila,  Philippine  Islands,  also  on  a  Pseudococcus,  Philip, 
pine  Islands.  He  recorded  the  distribution  for  the  species  from  Honolulu  (Hawaii)  , 
Manila  (Philippine  Islands)  and  Pusa  (India).  '  The  latter  specimens  were  sent  to  him 
from  a  Coocid  on  cotton  shoots. 

Drosophilidse  with  parasitic  larvae-F.  Knab. 

Insecutor  Inscitice  Menstruus,  Vol.  II,  No.  11,  November  1914,  pp.   160-167, 
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or  adults  have  been  found,  it  cannot  be  said  that  the  Hemerobiid  was 
truly  predaceous.  But  I  mention  the  case  for  what  it  is  worth.  It 
is  possible  that  further  observations  would  elucidate  the  role  played 
by  the  Hemerobiid  in  a  colony  of  mealy-bugs  on  cotton  shoots. 

The  next  pest  to  cotton  is  Machcerota  -planiticB.  (Dist.,  F.  I.  Rhyn., 
IV,  p.  84).  It  is  recorded  from  Pusa,  Chin  Hills,  Burma,  and  Distant 
records  it  from  Pusa,  Muzaffarpur,  Igatpuri.  It  is  specially  bad  on 
tree  cottons  and  on  cotton  allowed  to  remain  on  the  ground  for  the 
continuance  of  experimental  work  or  for  rearing  parasites  on  the  cotton 
bollworms,  E.  fabia,  E.  insulana  and  P.  gossypiella.  It  is  specially  bad 
from  April  to  December  when  a  large  number  of  whitish  calcareous 
tubes  may  be  seen  attached  to  the  stems  and  shoots  of  cotton.  In 
some  years  when  P.  corymbatus  and  P.  hirsutus  are  present  in  large 
numbers,  this  tube-making  Cercopid  seems  to  be  specially  abundant. 
The  pests  combine  together  to  undermine  the  vitality  of  the  cotton 
plant  to  such  an  extent  that  it  fails  to  put  forth  the  normal  number  of 
flowers  and  bolls.  In  particular  years,  as  was  the  case  in  1907,  1912, 
1916  and  1917,  innumerable  tubes  were  to  be  seen  on  the  cotton  shoots 
with  the  efiect  that  these  curled  up  and  the  leaves  were  shed.  During 
1910  it  was  the  case  that  a  few  varieties  of  tree  cottons  obtained  from 
Bengal  were  so  heavily  affected  by  the  Cercopid  that  the  plants  had 
to  be  removed.  From  my  past  experience  of  the  cotton  plant  at  Pusa 
for  the  last  14  years,  I  have  found  that  the  Cercopid  is  at  times  not  to 
be  neglected.  In  sowings  of  a  great  many  varieties  of  cotton  for  experi- 
mental work  against  the  cotton  bollworms,  it  has  been  found  that  some 
varieties  are  more  amenable  to  attack  than  the  others.  Some  of  the 
varieties  were  so  heavily  infested  that  they  had  to  be  removed  from 
the  plots.  On  such  plants  the  wiry,  dirty-white  calcareous  tubes  were 
found  in  numbers  on  the  top  shoots,  stems,  axils  of  stems  and  ejen 
midribs  of  leaves.  Several  such  tubes  were  to  be  seen  close  together 
either  on  the  top  shoots  or  the  stems.     (Plate  96,  fig.  2,  and  Plate  97.) 

The  pest  was  observed  for  the  first  time  during  1907  and  it  was 
mentioned  by  Mr.  H.  Maxwell-Lefroy  in  Indian  Insect  Life,  p.  733,  from 
unfinished  observations  made  by  me.  Professor  J.  0.  Westwood  had 
already  drawn  attention  to  Machcerota  guttigera  from  Ceylon,  (Notice 
of  a  tube-making  Homopterous  insect  from  Ceylon,  Prof.  J.  0.  Westwood, 
Trans.  Ent.  Soc.  1886,  pp.  329-333,  plate  VIII,  figs.  1—15)  and 
there  are  two  other  species  of  Machcerota  which  make  calcareous  tubes 
on  Aegle  marmelos  and  Pkyllanthus  emblica.  The  one  that  makes 
calcareous  tubes  on  Zizyphus  jujuba  is  identical  with  Machcerota  planiticB, 
but  there  seems  to  be  some  difierence  in  the  colour,  shape  and  size  of 
the  tubes  on  Z,  ji^uba.    The  genus  requires  working  through  when 
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Fig.  1.— Puparium  of  Gitoniffes  persiHcax. 


Fig.  2.—  Ma(/ia'iot((  i)Uiuiti<v  on  cotton  ;  Pisa  ;  271h  April  1915. 


fig.  i._Aligarh    yellow-flowered   cotton    badly    Infested   by    rseiidococcus 
viiyatiis  and  Machdrota  planitUe;  Pusa,  8th  February  1318. 


Fig.  2.-Amerlcan  upland  cotton  badly  infested  by  Pseudococrns  virgatns 
Machcerota  planitice  ;  Pusa,  8th  February  1918. 
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differences  in  structure  of  calcareous  tubes,  their  colour  variations, 
their  composition  and  object  in  the  nymphal  stages  of  the  insect,  as 
well  as  the  morphological  differences  in  the  shape,  colour  and  size  of 
the  pronotal  spine  can  be  placed  in  their  proper  perspective,  and  I  hope 
to  revert  to  this  subject  later  on,  when  I  am  in  a  position  to  draw  con- 
clusions from  observations  made  through  a  series  of  years. 

The  adults  are  very  common  on  the  cotton  plants  from  April  to 
October.  During  the  winter  I  have  seen  eggs  and  nymphs  within 
tubes  on  the  plants.  ^  Adults  are  not  seen  from  the  middle  of  December 
until  the  middle  of  February  at  Pusa.  The  eggs  are  laid  in  the  tissues 
of  the  plant,  on  the  shoots,  soft  portions  of  stems,  calyces  of  flowers, 
leaf  stalks,  midribs  of  leaves  and  even  flower  buds.  The  eggs  are  either 
laid  singly  or  in  twos  or  threes  but  not  in  masses  together.  The  eggs 
lie  embedded  in  the  tissues  of  plant.  Each  egg  is  about  1  mm.  long, 
dirty-white  in  colour.  The  end  which  lies  embedded  in  the  tissues  of 
the  plant  is  pointed,  the  other  is  obliquely  truncate  with  a  membranous' 
dark-grey  cap  over  it.  As  the  egg  matures  the  membranous  cap  over 
the  truncate  end  turns  darker  and  darker  in  colour  until  it  becomes 
shiny  black  prior  to  the  emergence  of  the  njmaph.  The  nymph  when 
about  to  come  out  forces  out  the  cap  which  remains  attached  to  the 
edge  of  the  eggshell.  Towards  the  pointed  end  of  the  egg  which  lies 
embedded  in  the  tissues  of  the  plant  there  is  an  oblique  spine,  about  as 
long  as  the  eggshell.  The  function  of  the  spine  is  not  well  understood  ; 
it  is  possibly  to  secure  fixity  of  the  eggs  in  the  plants.  The  nymph  on 
hatching  wanders  about  for  some  time,  when  it  fixes  itself  on  a  succulent 
portion  of  the  stem,  the  leaf-stalk,  the  shoot  and  even  the  midrib  of  a 
leaf.  Its  rostrum  is  short  and  pointed.  It  begins  to  suck  the  juice  and 
exude  a  clear  liquid  in  bubbles  which  completely  surround  it.  More 
liquid  is  exuded  until  the  nymph  is  covered  completely  by  the  froth 
which  on  exposure  to  the  air  coagulates  and  the  nymph  may  be  seen 
working  it  into  a  thin  case  round  its  abdominal  segments  which  are  so 
retractable  that  they  may  be  seen  distinctly  expanding  and  retracting, 
shaping  the  semi-plastic  material.  More  hquid  is  exuded,  it  is  allowed 
to  coagulate  and  worked  up  to  extend  the  tube.  This  goes  on  until  the 
tube  is  ready.  The  abdominal  segments  of  the  nymph  are  so  retract- 
able that  it  is  able  to  exsert  them  to  the  entire  length  of  the  tube.  If 
however,  the  nymph  is  disturbed  at  the  time  of  making  the  tube,  it 
leaves  its  old  place,  moves  about,  settles  down  to  feed  and  to  exude 
a  clear  liquid  in  bubbles  which  coagulates  and  is  worked  up  into  a  case 
to  cover  the  nymph.  In  some  cases  the  tube  just  as  it  was  finished  by 
the  nymph  was  removed  to  see  if  it  would  make  a  fresh  one  instead. 
It  was  found  that  the  nymph  again  began  exuding  a  clear  liquid,  which 
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as  before  was  again  worked  up  into  a  tube.  In  some  cases  when  the 
nymphs  were  removed  from  their  tubal  habitations  some  were  observed 
to  re- tenant  them  whilst  others  failed  to  do  so  and  died.  In  one  case 
a  nymph  taken  out  of  its  tube  on  30  th  May  1912  was  able  to  make 
another  tube  4-5  mm.  long  by  1015  a.m.  on  the  2nd  June  1912.  The 
body  of  the  nymph  has  a  shiny  coating  round  it  and  if  exposed  for  a  long 
time  it  hardens  and  the  nymph  is  unable  to  move  about.  When  the 
tube  is  finished,  the  njrmph  moves  up,  fixes  itself  on  the  stem  within  the 
tube  and  begins  exuding  a  thm  clear  liquid  which  after  accumulating 
at  the  mouth  of  the  tubes  falls  on  the  leaves  below  in  droplets.  On 
hatching,  the  nymph  is  2-5  mm.  long  with  head  and  legs  dark  fuscous, 
abdomen  pale  yellow  to  brown,  the  abdominal  segments  freely  teles- 
copic into  each  other.  As  the  nymph  remains  ensconced  within  the 
calcareous  tube  its  further  developments  as  well  as  moults  cannot  be 
observed.  Nineteen  days  after  hatching,  if  a  nymph  be  taken  out  of 
the  tube,  its  head  will  be  somewhat  anteriorly  pointed,  posteriorly  broad, 
dark  fuscous ;  eyes  prominent  deep  ferruginous  ;  rostrum  thick 
and  stout,  reaching  the  anterior  legs,  dark  piceous  ;  the  thorax  is  con- 
tracted, with  a  shiny,  black  cap  over  it ;  the  abdomen  is  pale-brown 
with  the  segments  telescoping  into  each  other  easily  ;  the  penultimate 
as  well  as  the  anal  segments  constructed- together  forming  a  tube  through 
which  the  viscid  liquid  is  exiided.  The  njinph  when  about  to  moult 
for  the  last  time  comes  out  of  the  tube  and  walks  up  the  mouth  of  the 
tube  for  a  millimetre  or  two.  It  then  exudes  a  clear  liquid  which  settles 
round  the  intermediate  and  the  posterior  legs.  On  exposure  to  the 
air  the  liquid  thickens  and  thus  holds  the  legs  in  position.  A  longi- 
tudinal slit  opens  dorsally  from  the  vertex  of  the  head  to  the  base  of 
the  metathorax  and  the  head  comes  out.  A  little  jerking  sideways 
brings  out  the  anterior  legs  and  with  some  further  jerking  from  side  to 
side,  the  imago  comes  out  clear  of  the  exuvium.  It  is  then  grey  with 
Ught  piceous  eyes.  Fifteen  minutes  after,  the  colour  changes  rapidly 
and  the  imago  moves  about.  The  exiivium  remains  attached  to  the 
mouth  of  the  tube  as  seen  in  figure  6,  plate  LXXIX,  Indian  Insect 
Life,  fa.ing  page  732.  The  female  is  more  robust  than  the  male  and 
has  a  strong  ovipositor.  In  the  majority  of  cases  the  adults  were  seen 
to  emerge  in  larger  numbers  in  the  mornings  than  at  any  other  part  of  the 
day. 

Here  I  would  not  go  into  the  morphology  of  the  pronotal  spine,  as 
well  as  the  presence  of  the  accessory  tube  to  the  main  nymphal  calcare- 
ous tube.     These  I  reserve  to  speak  on  some  future  occasion. 

Up  to  this  time  I  have  found  neither  any  parasite  on  the  eggs. 
nymphs  or  adults  nor  any  predator  which  can  be  said  to  check  the  pest 
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from  increasing  unduly.  Besides  cotton,  I  have  seen  the  tubes  with 
adults  on  Hibiscus  panel urifonnis  at  Pusa  when  the  crop  was  being 
tried  as  a  fibre  crop.  The  tubes  as  well  as  the  habits  of  the  nymphs 
correspond  with  those  found  on  Zizyphus  jvjuba.  In  particular  years 
and  on  some  varieties  of  cotton  this  pest  is  really  very  serious  and  does 
more  damage  than  either  Sylepla  derogata  or  other  leaf-eating  cater- 
pillars put  together.  During  1912,  a  complete  cycle  was  found  to  last 
for  40-41  days  thu ;  : — 

Eggs  laid 21st  April  1912. 

Eggs  hatched      ....     28th  April  1912. 

Adults  emerged  .  .  .     31st  May    1912   to    1st  June   19?2— 40-41 

days. 

Next  to  the  three  mealy-bugs,  P.  hirsutus,  P.  corymbatits  and  P. 
virgatus,  and  Machwrota  planitiw,  the  cotton  Eriophyes  (probably 
Eriophyes  gossypii  ?)  has  been  found  in  certain  years  to  retard  the 
growth  of  the  plants  considerably.  Prior  to  1914,  stray  specimens 
were  found  on  the  leaves  of  certain  varieties  of  plants.  But  in  1915 
and  again  in  1916  the  pest  was  found  to  have  extended  its  range  and 
to  be  more  or  less  present  on  all  the  short-leaved  varieties  of  cotton. 
At  first  it  appears  as  a  small  whitish  spot  on  the  leaves,  which  increases 
with  the  subsequent  curhng  of  the  leaves.  It  has  been  found  bad  on 
certain  varieties  of  cotton,  especially  those  obtained  from  the  Bombay 
Presidency.  As  varieties  of  cotton  from  the  United  Provinces  such 
as  Aligarh  white  and  Aligarh  yellow  were  sown  close  to  those  of  Bombay, 
these  in  turn  again  became  heavily  infested  and  in  consequence  some  of 
the  worst  infested  plants  had  to  be  removed  fi-om  time  to  time  and 
burned.  At  first  if  the  tiny  silvery  or  brownish  spots  are  examined 
under  the  microscope,  the  adults  will  be  seen  as  tiny  little  whitish  mites 
with  body  distinctly  transversely  ringed  moving  freely  about  the  proli- 
feration of  the  leaf-tissues  caused  by  them.  Soon  after  the  whitish 
patch  extends  tmtil  a  greater  portion  of  the  leaf-surface  becomes  affected. 
The  leaf  then  becomes  hard  and  crisp  and  the  adult  mites  move 
on  to  fresh  leaves  leaving  behind  them  a  few  adults  in  their  old  tene- 
ments to  extend  the  colonies.  The  eggs  are  whitish,  ovoid,  and  very 
large  for  the  size  of  the  mite.  When  several  leaves  are  affected, 
especially  the  top  leaves,  they  become  hard  and  compact.  The  plant 
is  considerably  thrown'  back  in  growth  and  is  not  able  to  recoup  its 
lost  vitality.  If  an  infestei  cotton  leaf  be  examined  under  a  high 
power  under  the  microscope,  innumerable  tiny  whitish  elongate  cyUn- 
drical  bodies  will  be  seen  either  moving  about  freely  or  lying  either 
upright  or  at  an  angle  against  the  plane  of  the  leaf.  The  mites 
were  found    to    congregate   on  the  leaves     on  the    top  shoots  which 
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became  compact.  They  were  also  found  on  other  leaves  as  well,  such 
leaves  either  curling  over  at  the  sides  or  crumpling  badly.  As  the 
plants  were  not  to  be  treated  so  as  not  to  disturb  the  normal 
conditions  prevailing  in  the  culXivators'  field,  the  pest  got  well 
established  and  damaged  the  crop  to  a  great  extent,  so  much  so, 
that  even  the  bolls  became  affected,  shrivelled  up  and  fell  down. 
The  mite  in  conjunction  with  the  three  mealy-bugs  referred  to  above 
and  Machcerota  planitice,  vitiated  some  of  our  experiments  a  good  deal. 
As  spraying  either  with  soap  and  flowers  of  sulphur  or  resin  fish-oil 
soap  an^  sulphur  was  out  of  the  question,  the  worst  affected  plants 
were  pulled  out  and  burned.  But  this  was  a  very  drastic  measure, 
as  with  its  wide  and  frequent  application  very  few  plants  were 
left  in  the  experimental  plots  to  continue  the  experiments  against 
the  Bollworms.  This  year  we  have  tried  the  fumigation  of  cotton 
seed  with  CSj  prior  to  sowing  and  there  appears  to  be  less  whitish 
mould  or  cotton  Eriophyes  on  the  plan  s.  But  it  is  still  to  be  seen 
later  on  whether  they  remain  such  till  the  end  of  the  season.  The 
mite  has  been  reported  from  Bombay  as  well  as  Hansi  in  the  Punjab. 
The  disease  has  also  been  reported  from  : — 

Surat 1908,  1909,  February  1909,  October  1906. 

Kirkce  .....  January  1909. 

Nadiacl December  1907. 

Baroda  .    •     .  .         .  .  March  1907. 

Sibp.ir  ...  .  .  .  July  1905. 

Cuttack November  1906. 

Pusa 1912,  1915. 

In  Surat  the  disease  is  known  as  Chhasio  or  Chasiu  and  Badi  Eog 
in  Dharwar  on  account  of  the  ash-like  appearance  of  the  curled  leaves. 
In  occasional  years  it  has  been  reported  to  cause  as  much  as  50  per  cent, 
damage.  {Annual  Report.  Surat  Farm,  1908-1909).  The  Superin- 
tendent of  the  Surat  Farm  reported  that  the  disease  was  especially  bad 
during  1906.  Specimens  of  mites  on  cotton  leaves  from  Surat  were 
sent  to  Mr.  Nathan  Banks  and  he  reported  "...  .the  mites  agree  with 
my  Eriophyes  gossypii  from  the  West  Indies.  The  leaves  do  not 
seem  to  be  as  badly  affected  as  those  I  had  from  the  West  Indies-" 

As  an  adjunct  to  fumigation  we  have  also  tried  on  a  small  scale 
treating  the  seed  with  corrosive  sublimate  solution  1  in  1000  {Tropical 
AgricvUmist,  Vol.  XXXIII,  September  1909,  p.  209)  and  find  that 
the  effect  has  been  good. 

The  Black  Scale,  Saissetia  nigra,  has  also  been  bad  occasionally. 
Certain  varieties  of  cotton  appeared  to  be  more  afiected  than  the  others. 
It  was  bad  in  patches  in  the  beginning—especially  during  1912  and  1914 
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and  even  now  occasional  plants  are  met  with  whicli  are  very  heavily 
infested  by  the  black  scale.  The  infested  plant  becomes  conspicuous, 
looks  sickly  and  withers  away  prematurely.  Prompt  removal  of  such 
plants  is  necessary  to  secure  safety  of  the  other  plants.  This  has  also 
been  reported  to  occur  on  cotton  at  Coimbatore  in  South  India. 

In  Madras  we  have  four  species  of  Coccids  on  cotton,  but  none  of  Mr.  Ramakrishna 
them  is  serious.  Saissetia  nigra  attacks  isolated  plants  and  every  plant  ^^* 
thus  attacked  is  killed.  Last  year  (1918)  ten  plants  in  a  patch  were 
attacked  and  parasites  were  found  in  all  the  Coccids.  Psevdococnis 
corymhatus  is  found  not  only  on  cotton  but  on  jak  also.  On  cotton  it 
occurs  late,  when  the  plants  are  left  for  another  picking.  (Ecophylla 
smaragdina  is  found  attending  this  Coccid.  A  Pseudococcns  also  occurs 
on  cotton.  Pulvinaria  maxima  is  a  bad  pest  of  mm  [Melia  azadirachta] 
trees  in  the  South.  The  nim  is  a  valuable  tree  with  us.  Of  late  years 
we  find  P.  maxima  occurring  on  cotton  also. 

Cerococcus  kibisci  also  occurs  at  times  on  cotton  in  Madras.  Mr.  Fletcher. 

In  Mysore  we  get  Saissetia  nigra  and  Pulvinaria  maxima.  Mr.  Kunhi  Kannan 

In  Egypt  we  have  a  mealy-bug  which  has  only  appeared  recently.  Dr.  Gough. 
It  attacks  by  preference  Erythrina,  mulberry,  Hibiscus  and  cotton. 
It  has  not  been  identified  ;  it  gives  a  red  colour  to  alcohol.  It  also 
attacks  many  other  plants,  but  it  only  seems  to  go  through  one  or 
two  stages  on  these  and  does  not  attain  to  maturity  on  them.  I  want 
to  get  parasites  for  this  mealy-bug. 

Is  Oxycarenus  bad  on  cotton  in  Egypt  1  Mr.  Robertson- 

Brown. 
Oxycarenus*  is  a  very  bad  pest  with  us,  and  there  is  going  to  be  a  Dr.  Gough. 
special  investigation  regarding  it.  If  it  attacks  garden  hollyhock  of 
the  European  variety,  the  leaves  curl  up  and  budshedding  occurs.  Forty 
per  cent,  of  the  flowers  fail  to  mature  on  account  of  the  sucking  of  Oxy- 
carenus.  I  believe  that  about  eighty  per  cent,  of  the  seeds  of  cotton 
are  rendered  useless  by  this  insect. 

I  would  like  to  know  if  anyone  has  any  experience  of  Aj)his  gossypii  ? 
We  have  found  it  very  bad  on  Cambodia  cotton.     This  ought  to  be  Mr.  Ramakrishna 
grown  as  an  annual  plant  but  it  is  often  grown  as  a  perennial.  Ayyar. 

With  us  it  acts  in  the  edges  of  the  fields  and  along   road-sides.  Dr.  Gough. 

Smooth-leaved  and  partially  smooth-leaved  varieties  are  attacked  Mr.  Burt, 
more  by  this  Aphis.     It  may  be  only  a  secondary  agent. 


The  species  referred  to  is  presumably  0.  hyaUnipennis. — Editor. 

k2 
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21.— LIST  OF  THE  PESTS  OF  FIBRE- YIELDING  PLANTS 
IN  BURMA. 


By  K.  D.  Shroff,  B.  A.,  Enlomolcgkal  AssislavL  Burma. 


Part  of  the  plant 
attacked 


Brachytnjpes  portenlosus  . 

Seedlings 

Once  proved  very  serious  in 
the  Sagaing  district. 

Epacromia  tamulus 

Leaves  . 

Not  serious. 

Cyrlacanlhacris  ranaeea     . 

Do.   .          .          . 

Ditto. 

Aularches  miliaris    .         .          . 

Do.   . 

Reported    "  serious  "    from 
Myingyan  in  1918. 

Diacrisia  obliqua 

Do.  . 

Not  serious. 

T^rache  crocata 

Do.  . 

Ditto. 

Sylepta  derogata 

Do.  . 

Sometimes  serious. 

Astycus  lateralis 

Do.   . 

Not  serious. 

Dereodus  sparsus 

Do 

Ditto. 

Eariasjabia 

Buds  and  Bolls 

Major   pest.     Very    serious. 

Earias  insulana 

Do. 

Major  pest. 

It  is  less  serious  than  Earias 
f.bia. 

Earias  chromataria  . 

Do. 

Only  one  moth  reared  from  a 
boll. 

GelecMa  gossypiella  . 

Buds  and  Seed 

Major     pest.     Very      serious 

Dysdereus  cingulatus 

Seed  (Sucking) 

Major  pest. 

Oxycarenua  Icetua      . 

Do. 

Minor  pest. 

Dolyeoris  indicus      . 

Juice  (Sucking) 

Not  serious. 

Graptoslethns  sermia 

Do. .        . 

Occurs  in  larf;e  numbers  but 
rarely  injurious. 

Jassids             .... 

Do. 

Not  serious. 

Aphis  gossypii 

Do. 

Sometimes    very    serious. 

Cerococcui  hibisci      . 

Do. 

Very  serious  to  exotic  cottons. 
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•21.— LIST  OF  THE  PESTS  OF  FIBRE- YIELDING  PLANTS 
IN  BURMA— contd. 


Part  of  the  plant 
attacked 


Mealy  bugs 

Mealy  bugs 

Alcidcs  sp. 
Zeuzera  coffece 

Chafer  grubs 


Juice  (Su.king) 
(Shoots) 

■ 

Not  very  serious  . 

Juice    (Leaves 
small  fruits). 

and 

Not  very  serious. 

Stem,  branch 

Not  very  serious. 

Do. 

Found    only    once 
cotton. 

in    exotic 

Once  proved  very  serious 
the  Sagaing  district. 


2.   Sann  Hemp. 

■*• 

Flea   Beetles  .... 

Leaves  . 

Minor  pest. 

Utetheisa  pulchella   . 

Leaves  and  Pods     . 

Serious  pest  of  sann  hemp. 

Argina  cribraria 

Do. 

Only  once 

years. 

noticed  during  U 

Argina  syringa 

Do. 

• 

Ditto. 

Nezara  viridula 

Plant-juice      . 

Minor  pest 

;  scarcely  serious. 

Diacrisia  obliqua       . 
Chrysomelid  beetles 

Leaves  . 
Do.  . 

Sometimes  serious. 

Found    attacking   full-grown 
plants   before    harvest     at 
Tatkon. 

■J, 


rim 
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22.— INDEX  TO  INDIAN  FRUIT-PESTS. 

By  C.  S.  Mlsra,  B.A.,  First  Assistant  to  the  Imperial  Eatomologist. 
Alphabetical  List   of  Fruit-trees   quoted. 


Almond  (Country),  {Terminalia  catappa). 

Loquat  {Eriobolryajaponica). 

Averrhoa  carambola. 

Litchi  (Nephelium  litchi). 

Apple  {Pyrus  malus). 

Mango  {Mangifera  indica). 

Apricot. 

Melon  {Cucumia  melo). 

Bael  (^gle  marmelos). 

Mulberry  (Morns  spp.). 

Ber  {Zizyphus  jujuba). 

Nectarine. 

Berberry. 

Olive. 

Cashew  {Anacardiu7n  oaidentale). 

Papaya  (Carica  papaya). 

Carissa  carandas  {Karonda). 

Peach  (Prunus  persica). 

Cherry. 

Pear  (Pyrus  cornmunis). 

Cherramoya. 

Phyllanlhus  emblica. 

Chestnut. 

Phoont  (Cucumis  irigonus) 

Citrus  spp.  (orange,  lemon,  pomelo,  etc.). 

Plantain  (Musa  sapientum 

• 

Coconut  {Coeos  nucifera). 

Plum. 

Custard-apple. 

Pomegranate  (Punica  granalum). 

Date  Falm(Phcenix  sylveslris)  (Khajur) 

Sapatu,  or  Alligator-pear  (Achras  sapola). 

Fig  {Ficus  carica). 

Strawberry. 

Gooseberry  (Physalis  peruviana). 

Tamarind  (Tamarindus  indica). 

Greengage. 

Vine  ( Vitis  spp.). 

Guava  (Psidium  guyava). 

Walnut. 

Grewia  asiatica. 

Water-melon  (CitruUus  vulgaris). 

Jamun  (Eugenia  jambolana). 

Water-nut  (Trapa  bispinosa 

). 

Jak  (Arlocarpus  integrifolia). 

Wood-apple  (Feronia  elephantum). 

Almond  (Country)  (Terminalia  catappa). 

Leaves     . 

Sehpa  (Plotheia)  ceUis     . 

Pusa 

Cage  No.  1675, 
Larva  gregari- 
ous, nibbling 
epidermal  layers 
and       internal 

(rom  edge. 

Metaiiastria  /ii/rtuco 

S.  1. 1.,  rp-  wo-10 

Coirab  a  t  0  r  e. 

AmUurrhimis  poricoUis  Boli.      . 

Pithap  u  r  a  m 
(Uoilavari). 

Larva,      almond 

Apodtrus  tranquebaricus  F. 

S.  I.  I.,  pp.  333- 
336,  f.  193. 

C'hcp     auk 
(Madras). 

Twisting  country 
almond    leaves. 

Trabala  vislmu,  Lef. 

Hmpsn.,  r.  I.  I., 
I.  I.  L.,  p.    498, 

Indi.a,     Burma, 
Pusa. 

Acrocercops  supplex  Meyr. 

t.  46. 

Pusa 

Larva  mining 
leaves. 

Acrocercops  terminal  ice,  Stt. 

Stainton.  T.  E.  S. 
(3)1,   298-299,  t. 
10,  f.  8  (1862). 

Calcutta  . 

La?va  mining^ 
in  leaves  ;  not  a 
pest. 
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Averrhoa  cammbola  (Vern.,  Kammh). 


Diacmlricha  lascMa,  Z. 


Lan'a  bores  into 
■  flowers  and  des- 
I     troys  them. 


Apple 

(Pyrus    malus 

). 

Leaves 

Chryson.elid  (Gen.?  sp.?)  . 

Solan  7th  .\«g. 
1915. 

I.  R.  508  of  1915. 

Lj/mantria  ob/uscata  Wlk. 
EuprocHs  sciiitiUaiis 

Hmpsn.  F.  I.  I., 
460-461. 

''4r°-3f2;Yi': 

L.,  pp.  460-46L 

Kashmir 
ShiUong. 

YeL^;^faTo^'o"n« 

Sphingid  (Gen.?  sp.?) 
[T.angia  zenzeroides.) 

ShiUong;Kulu. 

Larva,  a  seriou, 
pest    of    apple, 
■  and    to    a    lcs.4 
extent  of   pear 
about  tlxc   end 
of    June.        It 
does     consider- 
able     damage. 
One  lar\'a    wUl 

leaves.         One 
brood  annuaUv, 
pupae  hibernat- 
•  ng. 

Bdippa  lateana,  Mo. 

I.   I.   L.,   p     501, 
t.  28,  f.  14. 

Coorg  ;  Shillong. 

AVodonlid«(Gen.?ep.»)  . 

Shillong  . 

Larvse    in    smalP 
numbers  at  end 
of  June.    Larva. 

eat  leaves  fioin 
onesiduan.l:.rr 
vrrv  dimoult  lo 
defect    iLS    thriv 

Geomeirida    (Gen.?  sp.?)  (near 
Eyperythra  >) 

Shillong       21st 
June  1918. 

Larva   ou   apple 

Geometridat  (Gen.'  sp.?)  (Boar- 
mianse) 

Sliillong  . 

LarvK    in   small 
numbers,       but 
does  a  good  deal 
of    damage,     as 
the    larvse    are 
stiek-like      and 
large    and    not 
easy  to  see. 

Limacodida  (Gen.t  sp.?). 

Dilto.   . 

On^appdeinso,.. 

Virachola  Uocmtr.,,  Fh.     . 

^yrn'-eu."!: 

J.  XXIV,  184. 

Plains  of  India 
except  North 
west  of  United 
Provinces,  not 
noted  in  Burma. 
Coimbatore, 
Bangalore, 
Surat,      Pusa, 
Nagpur. 

SurilUileplali>i(i,Ko\\.       . 

Hmpsn.    F.    1.    I. 
252,  f.  168. 

ShiUong  . 

In     some     num- 
bers. 
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Apple  {Pyrxs  mains) — confJ. 


GracUlaria  zachrysa  lleyr 


Da^ychira  horsfiehK,  Sauntl. 

Brahmina  coriacea,  Hope 
Anomala  variivestU,  Arr. 
Anomala  dimidiata  Hope 
Anomala  riifieentris,  Beilt. 

AdoretiisduvauccU,&.  . 
Adoreliis  horiieola,  Arr.  . 
Adorclus  versutss,  Har.  . 
Dereodus  poUiiwsus,  Redt. 

Emperorrhinus  defoliator,  Jlshll. 
Myllocniis  11-piistidalus,  Fst. 

DcinUoloiis  sp.        .         .         . 

Haplosonyx  trifasciatirs 

Prodenia  lilura 
Dasyckira  mendosa  . 


B.  J.  Xlir,  4U 


Arrow  F.  I.  Rut. 
pp.  343-344  ; 

Eato.  Note  21. 

Arrow  F.  I.  Rut. 
p.  344  ;  Ento. 
Note  20. 

F.  I.  Rutel.  pp. 
360-351  ;  Ento. 
Note  20. 


Kiilii 
Bangalore 


United       Pro- 


Larva  first  mines 
the  leaves  after- 
wards ties  up 
the  leav  e  s 
gnawing  the 
green  substance 
on  upper  side 
of  leaf  ;  young 
leaves  are  des- 
troyed   in    this 


Defoliating  by 
night.  Also  on 
pear  tree. 


Adult  defoliating 
tree  coming  in 
swarms  at  night, 
no  trace  during 
the  day.  Do  a 
great  deal  of  da- 
mage. 


Nibbling  holes  on 
leave-,  doing 
considerable  da- 
mage ;  collec- 
tion by  hand. 


Eats  tips  of  fresh 
apple     leaf 
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Apple    {Pyrus    malus)—contd. 

lonlil. 

IlasycMrasr- 

Jeolikote 

Norman  GiU. 

ProdenialUura 

■^ 

Ditto. 

Mr.  N.  Gill  sent 
the  specimen  on 
Apple.  He  fed 
it  on  castor 
leaves. 

Euprodisflam 

LyaUpur,     27th 
Junel917 

(File  ;  Pusa.) 

Tiracolaplagiatam]i.      . 

Hnipsn.  Cat.  Lep. 
Phal  V,  258-259, 
f.  51.   . 

Shillong  . 

One  larva  found 

12th  August 
1918. 

Slloots       . 

jlicirffs  mait,  Mshll.  MS.    . 

Ditto. 

Larva  boring 
shoots  of  apple 
causmg  a  gall- 
like swelling. 

Fruits      . 

Mimastra  cyanea,  Hope    . 

I.    M.    N.    IV,  4, 
p.  217.    ,  _ 

JeoUkote 

Adult  on  fruits. 

Hills  nearSimla 

Defoliating  trees 
including  wild 
PDrus  Fttshia, 
recurring  annu- 
ally at ''end  of 
May.  Flying  in 
morning  and 
late  afternoon 
resting  at  mid- 
day. 

(I.  H.  Burkill, 
28th  May  1906.) 

« 

DyscermftetcheTi,Usm.,yiS.     . 

Shillong,     June 
1918. 

Larva  boring  in 
apple  fruits. 
Adults  lived  in 

1918. 

Dyscerus  rmlignm,  Mshll.,  MS. 
(Black  weevil). 

Ditto 

Larva  boring  in- 
to apple  fruits, 
as  well  as  in 
Pmims  nepalen- 

Lttspeyresia  poiiwnella,  Linn.     . 

The'  notorious 
codling  Moth 
of  Europe.    Re- 

'.^r  LiTal' 
(7,000  ft.)  in 
Kashmir.  Not 
recorded  hither- 
to from  any 
other  part  of 
India. 

Linda  niyrosctttata,  Fuirm 

Shillong,    .Tune- 
July  1918. 

positing  in 
them.  Larva 
boring.  Adults 
on  trees  and 
girdled   twigs. 

loots       . 

LophosUriMS  hugeli  KeUt. 
Lophosteriim  liugdii  (Ccramby- 

Gahan.  F.  I.  Ceram, 

grn."t^rt-. 

meop.,^pp.27.. 

Chaub  a  t  i  a 
(Kumaun). 

Chaub  a  t  i  a, 
Kumaun, 
United      Pro- 
vinces.   (I.  R. 
199  ;  5th  June 
1916.) 

Boring  ap  p  1  c 
trees.  Larva 
attacking  root 
and  trunks  o£ 
trees. 
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Apricot. 


Mimaaira  cya'iea,  Hope    . 
Chrysomelid  (Gen."  sp.') 


Li/manlria  ob/iiscala,  Wlk. 
Aiwmala  polita,  Blanch     . 


Solan,  7tl 

August     1915 
(I.  R.  568). 


^O-i 


plant  Aim's  in- 
tida. 

Defoliating  trees. 


Attacks  and 

rains   leaves   of 
large       apricot 


Larva  on  leaves. 
Adult  on  shoots 


Bael    (Aegle  marmelos). 


Leaves     . 

auea  pida,  Baly     . 

Proc.     2nd     Ent. 
Conf.,           1917, 

sfe.'Alnd.  notes 

Tharrawady     . 

• 

Leaves  and 
shoots. 

At  Pusa  larva 
bores   into   leaf 

shoots ;  adult 
destroys  leaves, 

h&ntS" 

Phi/llociiislis  citrelUt 

S.   I.   I.,   P 
f.341. 

465, 

Sibpur     . 

Larva  mines 
leaves. 

Papilio  demoleiis,  L. 

Proc.     2nil 

Conf., 

p.  215. 
S    I.  I.,  pp 

413,  t.  23. 

Ent. 
1917, 

412- 

Pusa. 

Pusa  ;  S.  India. 

Mj,!locfrtis  discolor  . 

Pros.     2nd 

Conf., 

p.  213. 
Proc.     2nd 

Conf., 

p.  215. 

Ent. 
1917, 

Ent. 
1917, 

Pusa        . 

Scarcely  a  pest 
Adult  on  leaves. 

Aspidiotus  orientalis 

Proc.     2nd 
Conf.. 
p.  216. 

Ent. 
1917, 

Do. 

Ambhjrrhimts  porkoTlis     . 

Proc.     2nd 
Conf.. 
p.  219. 

Ent. 
1917, 

Do.        . 

Not  a  pest. 

Fruits      . 

Chatodaetis      zomtus,     Samd, 
(persicce) 

Bezzi.  BuU 
Res.    VII, 
106,  1916. 

Ent. 
103- 

Ripe  Bael  fruit. 

, 

Proc.     2nrt 
Conf.. 
p.  2167 

Ent. 
1917, 

Pusa        . 

Reared  from 
faUen  Bael 
fruits. 

Argywptoce  aiepida,Tivit. 

S.  I.  I.,  pp 
450,  f.  327. 

Proc.     2nd 

Conf. 

p.  230. 
Hmpsn.  F. 

449- 

Ent. 
1917, 

Plains  of  India. 
Cevlon:  Surat; 
Pusa. 

Bores  into  the 
fleshy  port  ion 
of  the  fruit. 

'  Eazophera          ptumbeifascidtii, 
Hmpsn. 

.,  IV, 

Pusa,  4th  March 
1914,           4th 
January  1915, 
Coimbatore. 

Larva  in  pulp  of 
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Ber    (Zizyphus  jujuba). 


Leaves     . 

iiylloeerus  discolor  . 

Mshll.  F.  I.,  Cure. 
I,  348-350,  f.  106. 

Pusa 

Adult  on  leaves. 

MyUoceru,  U-putivlaius,  Tst.    . 

SlshU.  F.  I.,  Cure. 
I.,  360-352. 

Do.        . 

Ditto. 

Shevaroys 

Adult  {few  only) 
on  trees. 

PMymyctemt  sjistedti.  JlshU.    . 

Daltonganj       . 

Adult  on  Ber. 

Phytoacaphus  triangularis,  OL    . 

Pusa        . 

Adult  on  leaves- 

AmblyrrhinusporicoUis.'Boh.    . 

Cuttack. 

XaiMotrachelus  faimus,  Oliv.     . 

Ento.  Note  No.  27 

Pusa        . 

Adult  (many). 

Xaiithotrachelus      SKpercilioms, 
Gyll. 

Do.        . 

Adult  on  ber  (one 
only). 

Lixusbrachijrrhiniis,  Boh. 

S.  I.  I.,  pp.  331- 
332,  f.  189.    ■ 

^SiL^.= 

Platypria  andrtweti,  Weise 

Sural ;  Pusa     . 

At  Pusa  larva 
mines  leaves. 

Bearadichromtlla.yiVc.    . 

H„.n.F.L,n, 

Pusa 

Larva  on  leaves, 
but  not  a  pest. 

Euproctisluiiala,V;\k.      . 

H^.F.I.,I.. 

LyaUpur. 

Taragaina  sim.  Let. 

I.    I.    L.,    p.    497, 
t.  41,  ft.  8-11. 

Hrapsn.   F.   I.   I., 
405-406. 

Pusa. 

Tariiciis  ItifopUratlus,  Fb. 

Bingham  F.  I.,  II., 
417-419,  t.  20,  f. 
151. 

India.    Burma. 
Ceylon. 

-VS-Vr' 
trees  in  Central 
Provinces. 

AncylisUdesctne,yUy!.    . 

JIe\T.  Exot.  Micro. 
I.;  32  (1912). 

Pusa 

Larva  rolls  ten- 
der leaves  fairly 
commonly       at 

found  "boring 
into  InUtsl 
scarcely  a  pest. 

Portlimoknja  paraclina,  Jleyr.    . 

MeiT.  Exot.  Micro 
I.,  261(1914). 

Ditto.       . 

Lana  rolling 
leaves  and  bor- 
ing into  the 
shoots  ;  not  a 
pest. 

Tisclieria  pUmnica,  Meyr. 

Rec.  Ind.  Mus.  II. 
II,  399;  I.  I.  L., 
p.  540. 

Orissa      . 

Larva  mines 
leaves,  some- 
time a  minor 
pest. 

Thitcidas  poslica     . 

S.  S.  I.,  pp.  395- 
396,      i.     I.    L., 
p.  459,  f.  313;  B. 
J.  XVI,  199. 

Pusa,   Bilaspur, 
Coimbatore. 

Larva  on  leaves, 
scarcely  a  pest. 

Anthcra-a  paphia      .         .         . 

Injurious     insects 

of  Indian  Forest 

Stebbing,  p.  90. 

Chota    Nagpur, 
Central   India, 
South  India. 

Criculu  trifeneelrata 

Tide  S  njibuni  (a 
Bengali     paper, 
2Dd  April  1912). 

Vikr  a  m  p  u  r. 
Dacca,  Comilia. 

Larva  on  leaves. 

Dilinia  capitata 

Pusa,            8th 
January  1910. 

Larva  (looper)  on 
leaves. 

Diliiiitt  medurdaria  . 

Pusa,  28th  Sep- 
tember 1907. 

Larva    on   green 
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Ber  {Zizyphus  jujuba) — contd. 


Tarucus  theopkrastiis 

Tanymecus  kispidus 
Myllocerus  sabulosus  Mshll. 
Myllocenis  transmariniis,  Hbst. 

Anarsia  sagillaria,  Mesi.  . 

ileridarchis  scyrodes  Meyr. 

Carpomyla  vemviana 
Curculioaiii  (Gen.?  sp.?)  . 


Arbda  tetraonis,  5Io. 
CoelosUma  scabrator,  Fb. 


Jleyr.  Bom.  Jour. 
XXII,  774-775 
(1914). 


One  Hund.  Notes, 
p.  28 ;  Meyr. 
Exot.  Micro.  II, 
30  (1916). 

Proc.  2nd  Ent. 
Meeting,  p.  11- 
254,  1917. 


S.  1. 1.,  p.  325-326, 
f.  181.  Stebbing 
Forest         Inst., 


Surat,  Nagpur, 
Pusa,  Coimba- 
tore. 


Coim  b  a  1 0  r 
Pusa,  Poona, 
Hadagalli. 


Adult  on  leave 


Larva  in  top 
shoots  June- 
July.  Not  a 
pest. 


Maggots  in  fruits. 


Larva  in  fruits 
called  Ahmeda- 
bad  variety. 
Attacked  fruits 
become  round 
berrylike.   E.  S. 


Larva  boring  in 
stems  and 
branches. 

On  Zizyp  h  u  s 
(It  was  not 
stated  on  what 
part  of  plant.) 


Anomala  dimidlata  I 


Berberry. 


Chawai  (Kangra) 


found  on  trees 
in  sunny  places, 
completely  de- 
foliating trees. 


Cashew  {Anacardium  occidentale). 

Leaves     .   |  Crktila  trifeneslrala  .         .1 


Carissa  carandas  (Karonda). 


Leaves     .   ]  Agathia  lisenda 
Nephele  didyma 


Pusa,  13th  May      Larva  on  leav 
1014. 

Pusa        .         .  Ditto. 
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Cherry. 


Leaves     . 

Serica  marginella,  Sope    . 
Serlca  maculosa,  Erenske 

ShiUong,      May 
1905. 
Do. 

Adult  on  cherry. 
Ditto. 

Seriea  dypeala,  Brenske    . 

Do. 

Ditto. 

Anomala  transversa,  Burm. 

Arrow,  Rut.,    pp. 
142-143,     f.     33; 
Entl.  Note  43. 

Do. 

Adult  on  leaves 
in  numbers. 

Borers 

Buprestidie  (Gen.?  sp.?)  . 

Simla 

These  were  found 
rve-yei?^°^'o^^ 

?h7ra;ra 

hatched  be- 
tween bark  and 
wood.  Pupa 
was  embedded 
in  the  hard 
wood.  The  out- 
side was  riddled 
with  oval  holes. 

Sucking  . 

Chionaspissv.          .         .         . 

ShiUong  . 

Fletcher  collec- 
tion, 16th  July 
1918. 

Larva  boring 
stems  and 
branches. 

Stems      . 

Aristobia  approzimalor  1  Thorns. 

1 
1 

Taung-gyi 

Chestnut. 


Mimastra  cyanea,  Hope. 


Citrus   spp. 


Peltotrachetus  piibes,  Fst. 
Psychid 


Caccecia  epicyrta  Meyr. 
Papilio  demoUus,  Lin. 


Papilio  polytes 
Papilio  memnon,  L. 


Papilio  helenus  dakslta 


Proc.  Sec.  Ent, 
Conf.,  1917,  p, 
210  ;  I.  M.  N. 
II,  6,  p.  156 
I.  M.  N.  I. 
No.   2,    pp.     93 

412-413,  tab." 2d 
Ent.  Mem.  Vol. 
V,  pp.  33-38. 
tab.  6. 

Proc.  Sec.  Ent. 
Conf,,  1917,  p.  210 


South  India, 
North-W  e  s  t 
Frontier  Pro- 
vince.     Plains 


Adults  on  orange 

April         1913— 

orange     twigs ; 
scarcely  a  pest. 


I  Adult     oviposit- 


Myitk  y  i 
(Upper  Burma).!     j^g    on    orange 
trees    at    Myit- 
'     kvina,       Upper 
I     Burma,         Sep- 
tember      1914. 
A  minor  pest  ol 
orange. 
South         India 
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Citrus   sp23. 


Papilio  poli/mitestor 
Chilttdes  laiiis 


t  ChUades  piitli 
Tonicci  2i:iiphi 


Cliilades  laiiis,  Cram. 


Ili/pomeces  sqnamosiis,  F. 
(Miners)  Phylloctmlis  citreVa 


Oxycetonia  albopunelata    . 
Colasposoma  semicoslaUm  Jac 


ChceMacus  dirersus,  Coq. 


Bingham  F.  I.  I., 
II,  50-51,  t.  12, 
f.  85  ;  Proc.  Sec. 
Eut.  Conf.,  1917, 
p.  210. 


Proc.  Sec.  Ent. 
Conf.,  1917,  p. 
212.    Ent.  Note 


Ditto 
Ent.  Conf.     1917, 
p.  Note  89.  r.  I, 
thrvsom,  p-  US. 


Bczzi,  Bull.  Ent. 
Kes.  VII,  104- 
105,  1916. 


Chapra,  Pesh- 
awar, C'oimba- 
tore,  Nagpiir, 
Pusa. 


Pusa  ;  S.  Ii 
Burma     . 


Rolls  the  leaves ; 
minor  pest  of 
orange  and 


Larva  rolling 
lemon  leaves. 
Also  on  Mur- 
rya  kceniijii. 


Larva  attended 
by  ants  (Topi- 

phalum). 

Adult  on  orange. 


rough  lemon. 

Larva  mines 
leaves,  and  epi- 
dermis of  green 
shoots,  doing 
considerable  da- 
mage. 


Larva  devours 
flowers,  bores 
into  shoots,  tun- 
nels the  rind  of 
fruits. 

Eats  lemon 
flowers  at  Pusa. 

Injures  flowers 
in        Assam. 

Adult  destroyed 
flowers  and 
leaves  of  orange 
trees  in  March 
and  April  1916 
in  the  Khasi 
Hills  ;  said  to 
have  done  con- 
siderable da- 
mage to 
oranges.  Appear 
generally         in 
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Rlrynchocoris  InimeruUs,  Tin 

Virachola  isocrates   . 

Heliothis  obsoleta 

Anthomyiad  fly 
dmtodacus  ietnginens     . 


flg.  130. 
Proc.     Sc 


Pi-oc.  Sec.  Lnt. 
C'onf.,  Pusa,  1917, 
p.  226.  BuU. 
Ent.    Kes.    VII, 


Jagpiir 


frnit  at  Poona. 
Attacks  pomelo 
fruits,  attacktd 
fruii.-  fall  down. 


C'aterp  i  1 
gnawed 
fruits. 


Chwtodacus  candatus 
F.YfHdssp.  (Pentatomid) 


Annual  Kept. 
Dept.  of  Agri, 
Madras,  1917-18, 


!  oranges. 


Heliothis  obsoleta,  Fb. 
Anthomyiad  . 


tins  is  the  same 
as  the  Tomato 
fly  (Proc.  Sec. 
Ent.  Meeting,  p. 
178,  1917), 

attacking     rot 


Stems  Arbela  sp.  probably  qiiadrlnotatii 


Momhammus  rersteegi  Hits. 


Omihoka  eburilerti,  ThoniB. 


orange  branches 
A  serious  pest 
at  Nagpur. 


Haflong.  Bor- 
ing into  pith  of 
young  stems  of 
orange  trees, 
the  leaves  turn 
yellow  and  the. 
branch  withers. 

Larva         boring 


Chelidonivm  exnctn 
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Citrus  sjjp. — conld. 


niTa- 

Siromatium  barbatum,  Fb. 

F.  I.  Ceram.,  pp 
lU-115,    f.'45 
Proc.    2nd     Ent 
Conf.,  1917  ;  S.  I 
I.  321-322,  f.  175 
Bomb.          Jour 
XXIV,  .610-612 

Nagpur,  Centra 
Provinces. 

Boring  into  dead 
orange  branches 
after  they  have 
been  affected  by 
Arbeta. 

j 

Chloriiohm  alcmene,  Tlioms.     . 

Ditto 
S.  S.  I.,  323,  f.l77, 
C.ja„.,pp.l09- 

PoUibetta,  Viraj 
pet. 

-    Bores  into  orange 
stems.       Adult 
May  1917. 

Agrilus  grUator 

Dilto 
I.  I.  L.  331. 

■lemon  trees. 

Arbelatetraoiiis 

Ditto 
S.    S.    I.,    453-454 
t.  41. 

Poona,  Nagpur, 
Bangalore. 

Bores  in  stems  ; 
NalpM"""""** 

SathrophyllM  sp.  (Phasgonurid) 

% 

Bangalore 

I.  K.  176,  24th 
June  1918. 

Eats  the  bark. 
Moves  quickly 
round  the  stems 
when  attempts 
made  to  catch 
it. 

Roots       . 

Autoserica  SV- 

Pusa 

Adult,  ■      lemon, 
root. 

Sucking   . 

Cappcca  taprobanensis       . 

S.    I.   I.,   p.    470, 
f.  346  ;  Proc.  Sec. 
Ent.  Conf.,  1917, 
p.  213. 

HiU       districts. 
South  India. 

Minor  pest. 

RhyncliocoTis  humeralis     . 
Chrysomphalus         (AspidMus) 

Ditto 
Ditto 

Ditio 
B    a    s  s  e  i  n 
(Burma),  Jeoli- 

ChrysompMus  aonUnm  (.ficus)  . 

Ditto 

Khed  (Poona); 
Calcutta. 

Also  on  palms. 

Sucking  . 

AspxdiotuslatanUc   . 

Saisselia     {Lecanium)      hemis- 
phmica. 

S    I.   I.,    p.   470, 
f.  346  ;  Proc.  Sec. 
Ent.  Conf.,  1917, 
p.  213. 
Ditto 

Poona,  Coonoor, 
Calcutta. 

Konkan. 

Also    on    CUm^ 
medica,     peach. 
Phoenix      (seri- 
ous). 

AleurocaiMus  (Aleyrodes)  spini- 
fera. 

Ditto 

Pusa. 

Dialeurodes  cUri       . 

Ditto 

Plains. 

Euphiilenis  citri 

Ditto 

Do. 

Toxoplera  aurantii  . 

Ditto       ■    . 

Pusa. 

(/      a 

lawaim  consparsa    . 
White  fly  {Species  ?) 

Madras       Annual 
Keport,  1917-18, 
pp.  75-76. 

Do.       . 

Circars,         and 
ceded  districts. 

In    numbers    on 
fruits  and  steme 
of  Citrus.  Pusa, 
August-Septem- 
ber 1918. 

Diaspisi?- 

Pusa        . 

On     leaves,    6t.li 
Sep  t  e  m  b  e  r 
1918.        Leaves 
very  heavily  in- 
fested and  turn- 
ed pale. 

Aniestiacruciaia       . 

Nagpur    .          .   1 

16th  June  1906. 
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Coconut  {Cocos  nucifera). 

Leaves     . 

Contheyla  rotunda,  Hmps. 

Madras          Dcpt. 
Asri.  Vear  Book, 

West         Coast, 
Madras. 

On  the  leaves- 
Adult  damaging 

1917,   pp.   91-96, 

Wynaad. 

foliage       flower 

flR.  23-24  ;  B.  J. 

shoots  and  rinds 

XIII,  196. 

ruprlk^r.i 

oval  sheU-like 
cocoon. 

NepJianlis  serinopa.  MejTt. 

S.    I.   L,    p.   460, 

Travanc  ore, 

Coconut     and 

f.  336. 

South      India, 
Bengal,  Burma. 

palmyra.     Tra- 

18.  Leaves  of 
trees     seriously 

Gangara  thyrsis,  Mo. 

S.    I.    I.,   p.    417, 
t.  290-291. 

Kasargode 

Adult  on  palms 
of  various 
species,      coco- 

nut   palms    in 

Attacking  coco- 
nut      seedlings 

port,^_     August 

Gangara  thyrsis 

S.  I.  I.,  p.  417  ; 

South       India, 

Larva      destruc- 

I. M.N.  I.,  4,  204; 

Mandalay. 

tive  to  nurseries 

I.  M.N.  II.,  6, 156. 

of  young  coco- 
nut palms. 

Parasalepida 

S.  1. 1.,  410-411    . 

South  India      . 

Also  on  palmyra. 

Elymnias  caudata    . 

Mercara,  Coorg, 
South  India. 

and  betel-nut 
palms    as    well 

p'alm.    "'"""* 

StiastHt  gremius       . 

S.   I.   I.,   p.    418- 
419  ;  I.  U.  N.  I., 

Bang  a  1  0  r  e. 

Larva            o   n 

God  a  V  a  r  i. 

palmyra   palms 

9  ;  I.  M.  N.  II.,  6, 

Coimbatore, 

also  on  coconut 

156. 

Pusa. 

and^on  garden 

Autarches  miliaris  L.        . 

Kiiby  F.  I.  Acrid, 

Shevaroys,  Nil- 
giris,     Vizaga- 

Does    little    da- 

l?etcher?f-l"!.; 

patam,    Coim- 
batore, Veyan- 

p.    526,    f.    418; 
Proc.    Sec.    Ent. 

On  arecanutand 

goda  (Ceylon). 

coconut        and. 

Conf.,  pp.  28,  77, 

various      shade 

200. 

trees. 

Shoots 

Oryeles  rhinoceros     . 

Proc.    See.     Ent. 

Ahmedn  agar 

Leaves           and. 

Meeting,      Pusa, 

I.  B.  120,  7th 

shoots  of  coco- 

1917,    p.     258 ; 

February  1914. 

nut  palms. 

Arrow      F.      I., 

Dj-nast,  pp.  278- 

South       India, 

Larva  in  Farm- 

281. 

Ceylon,  North 
Bandra  hither- 

yard manure, 
coffee  pulp,  de- 
caying vegeta- 
tion generally. 

to  not  recorded 

from      United 

Provinces. 

Adult  boring 
into  palm  trees, 
occasionally  in- 
to sugarcane. 

Fruits      . 

rirottoifl  sp.  nov.    . 

An.  Eept.  1917-18. 
p.  99,  t.  14,  f.  2 
(1918). 

Pusa        . 

Larva  boring 
young  coconut 
fruits  in  the 
branch  on  the 
tree  and  causing 
the  young  fruits 
to  faU  off. 
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Coconut  (Cocos  nucifera) — contd. 


•^tcrns      . 

Moulmein,  14th 
Septe  m  b  e  r 
1918.  K.  D. 
Shroff. 

This       specimen 
was  sent  by  K. 
D.     Slirofl    for 
Idcntiflcjition- 
It  was  found  in 
dead  tops. 

Rhynchophorus  jenugineus  Tb.  . 

S.  I.  I.,  p.  343, 
Plate  XIV. 

South  India, 
Khasi       Hais, 

Palmyra,  date 
and  coconut 
palms.  Larva  in 
stem.  All  over 
the  palm-grow- 
ing districts. 

Calandm  stigmalicollis  Gyll. 

An.  Kept.  Pusa, 
1917-18,  pp.  98- 
99,  f.  15.  i.  1. 

giri      district), 

Tamarasseri, 

(Malabar). 

Larva  boring 
coconut  palm. 

Soletiopsis  gemiiiata 

Eatnagiri 

isth  ^  March 
1918. 

CusTABD  APPLE  {A7iona  squamosa). 


Beterographis  bengaleUa,  Bag. 


Hmpsn.  F.  I,,  ] 
TO  ;  Bom.  Jo 
XII,  313. 


tember-October 
but  is  not  com- 
mon.    Scarcely 


Date-Palm    (Phoenix   sylvestris)   (Khajur). 


Adult  on 

Larvae  and 

adults  eat  epi- 
dermis of  young 
leaflets. 


Fig   (Ficus  carica). 


Brahmina  coriacea,  Hope. 
Adoretus  versutus     , 
Adoretus  hortieola    . 

Adoretus  duvauceli,  Bl. 
Adoretus  duvauceli,  Bl. 

Frodenia  lUura 
Bypsa  ficus     . 

Talanga  sexpitncialis 
Glyphodes  itysalis  , 
Perina  nuda    . 


F.  I.  Rut.  p.  344, 
One  Hundred 
Notes,  p.  7  ;  Ent. 


Pusa. 

Corom  a  n  d  e  1 
Trichinopoly, 
Coimbatore, 
Pusa. 

Pusa  (1st  August 


Coimb  a  t  0  r  e 
(February 
1914). 


Larva    on  wild 


Larva  on  leaves . 
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Fig    {Ficus   carica) — contd. 


Leavea- 
contd. 

Ocinara  varians,  Wlk.       . 

S.   I.   I.,   p.   407, 
f.  278. 

South  India      . 

Larva  on  leaves. 
A  minor  pest  of 
flg. 

Pceciloceruspictus,Th.     . 

Kirby.  F.  I.  Acrid, 

1. 1.,  pp.  526-527, 
flg.    419;    Proc. 
Sec.  Ent.  Conf., 
pp.  136  tab. 

BeUaiy    . 

Has  been  '  found 
to           damage 

Leaves     . 

Bypsaalciphron,  Cia^m.    . 

I.  I.  L.,  t.  39,  ff. 
3-4  ;  Hmpsn.  F. 
1. 1.,  502-503. 

Pusa        . 

Bihar. 

Eijpsa  ficus,  Fb. 

S.    1.^1..   p.   400. 

Do. 

Phycodes  radiata,  Ochs.     . 

S.    r^I.,   p.    463. 

Peshawar,  Kulu, 
Pusa,  Gauhati, 
N  a  g  p  u  r. 
Hagari. 

Larva    rolls    the 
leaves    and    is 
sometimes        a 
serious   pest  of 
young  flg  trees. 

Shoots     . 

Batocera  rubus,  L.    . 

Peshawar 

Eating  shoots  of 
F.            carica. 
Larva      boring 
into    stems    of 

Fruits.     . 

Stathmopoda  si/castis,  Meyr. 

Peshawar  Valley 

Larva     in      flgs 
during        May- 
June  ;            the 
larva!    are     so 
well  known  that 
the  local  people 
are     chary     of 
eating  the  fruit. 

Chacelodaeus  zomtus,  Saund.     . 

Bezzi.   BuU.   Ent. 
Ees.,    VII.    105- 
106,  1916. 

Pusa        . 

Larva    in    culti- 
vated flgs. 

Stems 

Batocera  sp 

J  e  0  1  i  k  0  t  e, 
(Kumaon). 

into  and    ring- 
young  flg  trees. 

Adeessp 

'^'ST^.^r 

Larva        boring 
into  main  stem, 
doing   consider- 
able      damage. 
Adult  on  stems 
by  day. 

Batocera  rubus,  L.    . 

Peshawar,  Pusa, 
Gwalior  (Lash- 
kar)        Dehra 
Dun,  Khasis. 

Rotten     Papaya 

IhS'o        ^wo'JSl 

Bombax     stem 
(Pusa).      Larva 
boring          into 
stems      of      F. 
carica       (Pesh- 
awar). 
Larva        boring 
into  trees. 

Apriona  cinerea,  Chev.      . 

Stebbing      Forest 
Ins.   Coleop.,   p. 

Jeolikote 

Epepeotes  uncinattu,  Gahan       . 
Olenecamptus  bilobus,  Fb. 

Stebbing      Forest 
Ins.    Coleop.,    p. 
375,  f.  250. 

ShiUong     (July 
1918). 

Surat,   Coimba- 
tore,       Kistna 
District. 

Larva        boring 
into          stems. 
Adults  on  twigs. 

Borers     . 

Gen.?  sp.                ... 

•• 

Mand  a  1  a  y, 
T  h  a  t  0  n, 
(Burma). 

Larva        boring 
Ficus       carica. 
Also  in  mango. 

l2 
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Gooseberry  [Phy sails  peruviana). 


Heliothis  obsolela,  Fb. 


Grape- Vine  {Vitis  spp.' 


Brahmina  conacea  Hope. 
Adorctits  hoHicola 
Adorelm  lasiopygus 

Adoreius  duraueeli   . 

Adoreltis  versutiis  Har. 
airysomelid 

Etipnctis  flam 
Eippotion  celerio,  Linn.    . 

Sylepta  lunalis 

Sodosloma  subcoslaium,  Jac. 

Seetodonta  slrigwollis.  Mots. 

Mimastra  cyanea,  Hope.   . 
Phyllocnisiis  toparcha,  Meyr. 
Monolepta  signcUa,  Oliv.   . 

aonocephalum  depressum,  F. 


One  Hundred 
Notes,  p.  7. 
Ento.  Note,  p.  21. 


Destructive  In- 
sects of  Victoria 
II,  p.  109. 


p.  386. 
I.  M.  N.,   IV, 


,  Jorhat, 
;,  Pusa, 


Nasik,  Pesliawar, 
Jeolikote,  Pusa, 
Minbu,  Nagpur. 


Fletcher  collec- 
tion August 
1918.  These 
were  found  on. 
wild  grapes. 


Larva  on  leaves. 
Alternat  i  v  e 
food  rUis  tri- 
tolia. 


Larva  under- 
ground near 
roots  of  grasses. 


DetoUating  vines. 
Larva  min'ng 
Adult  on  leaf. 


Adult  damaging 
grape  vines  by 
nibbUng  tender 
roots  and  scrap- 
ing   fruits. 

March  1910. 
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Geape-Vine  (Vitis  spp.) — con(d. 


Teratodes  moiUicolUs,  Gray. 


Therelra  gmma,  Fb. 
Theretra  aledo,  Linn 


Theretm  palUcosta,  Wlk.   . 
Clijsia  nmbigudla,  Hb."     . 


Stheniai  grltator,  F. 


A(U}rctus  sp.    . 

Ammala  polUa  Blanch.     . 

Anomala  dimidiata,  Hope. 


Kirby  F.  I.  Acrid, 
p.  235  ;  Lefroy 
I.  I.  L.,  p.  88, 
ff.  28-29  ;  Proc. 
Sec.  Ent.  Meet- 
ing, p.  235. 


Hmj 


r- 


..J.XVI, 


i.  I.  I.,  p.  326, 
f.  182  ;  Stebbing 
Ind.  For.  Insects 
Col.  pp.  377-378, 


Sent  in  from 
Bengal  as 

attacking  grape 
vines  leaves  but 
probably  a 


Larva  on  culti- 
vated vines 
during  October- 
November. 


This  ins  e  0  t 
occurs  i  n 
Europe  0  n 
grape  vine 
flower  buds. 
With  the  exten- 
sion of  cultiva- 
tion in  the  Hill 
tracts,  it  Is 
possible  it  may 
prove   to   be   a 


Nasik,  Palitana 
State,  Coim- 
batore.  Banga- 
lore, Polibetta, 
Kurnul. 


pest. 
Girdles 


grape 


Greengage. 


Arrow,  Hut.  F.  I. 
pp.  146-147,  t.  2, 
fig.  24. 

.ITTOW,  F.  I.  Rut., 


Political    Agent, 
Zhob,  Julv 

1918. 

Adult   attackins 
fruits,    e  ® 

Ditto. 


Grewia  asiatica. 

Mimasira  cyama,  Hope.   .         .  l  I.  M.  N.  IV,  4,  217  i  Dun  Forest. 


Guava  {Psidium  guyava). 

Myllocerut  viridanus,  Fb..  .  Jlshll.   F.  I.  Cure.  Paliu- 

Mylloeerus  iitcolor  .         .  .  Mshll.  F.  I.  Cure,  Pusa 

ilyllocerus  11-piistulatiis,  Fst.  .  SIshll.  F.  I.  Cure,  Pusa 
Chrysomelid  (Unidentifled) 


.•Vdiilt    on  guavi 

Adult. 

Adult  on  leaves. 


Adult  0    n 

guava    (K.    D. 
Shroff,  No.  128). 


580 


PROCEEDINGS    OF    THE    THIRD    ENTOMOLOGICAL    MEETING 


GuAVA  {Psidium  guyava) — contd. 


Leaves- 

SpUomtarhoOiialiLnyT.     . 

Meyr.    T.    E.    S., 
1910,  36S. 

Pusa,  KoUpatti 
(51  a  d  r  3  s), 
Coimbat  ore. 
Plains  of  India. 

Larva  rolls  ten- 
der guava 
leaves. 

Fruits      . 

Ch(flodacus  ferrugineiis  ferrugi- 

Proc.     Sec.     Ent. 
Conf.,           1917, 
p.  213-226  ;  Bezzi 
Ento.  Res.  VII- 
104,     Octob  e  r 
1916. 

Peradeniya, 
Katitiar,  Pusa. 

See  Mango'Jruit. 

Chcdodaeut  ferrugineus  dorsalis, 
Hendel. 

Bezzi  Bull.  Ento. 
Kes.   VII,     104- 
105,  1916. 

Myitlsyina 

and  pomelo. 

Chwlodadus     ferrugineus  inti- 
mis,  wm. 

Bezzi  BuU.  Ento. 
Res.    VII,     105, 
1916. 

Bangalore 

Larva  in  guava 
fruit. 

Clicetodacus    ferrugineus    versi- 
color, Bezz. 

1916. 

Pusa 

Larva  also  in 
Achras  Sapota 
fruits. 

Agrotisypsilon 

Pusa         (AprU 
1915). 

Caterpillar  found 
in  a  decom- 
posing     guava 

Tirachola  isocrates.  Fb. 

184. 

Soutli       India, 
Pusa. 

Larva  in  fruit. 

Dichocroeispunctiferalis    ■ 

Pusa,    Ooimba- 
tore. 

Larva  in  fruits. 

Cacoecia  epicyrta,  Meyr.    . 

Pusa        . 

Larva  boring  in 
fruit. 

Stems      . 

^oleslhes  holosericea,  Fb. 

Gahan  F.  I.,  pp. 
127-128. 

Khedut  (Baroda), 
4tll  AprU  1907. 

Larva  in  guava 
stem.  In  this 
case  the  stem 
was  affected 
with     Belionota 

Belionota  prasina,  Thunb. 

Poona      . 

Boring  guava 
stems. 

JAMxm  {Eugenia  jamholana). 


Leaf  (eat- 
ing). 

Aerocercops  lelestis,  McjT. 

Pusa,    Coimba- 

Lea%-e3  of  Jamun. 

food  Trewia  sp., 
Qmelina  arborea. 

Metanastria  hyrtaca 

Notes.  No.    66; 
S.  I.  I.,  p.  409- 
410. 

Trivandrum     . 

Larva  on  baric 
of  tree. 

Trabala  vishnu,    Lcf. 

I.  M.  N.  V,  107  ; 
I.  I.  L.,  p.  498, 
t.  46. 

India,  Burma. 

Spaonota  f»«IAia.  Meyr.    . 

MejT.  T.    E.     S., 
1910,  368. 

Pusa,     Coimba- 
tore,  KoUpatti. 

Larva  roUs  ten- 
der leaves  but 
not  a  pest. 

£therastis  eirculata,  Meyr. 

Trivandrum     . 

Larva  on  E.  jam- 
bolana :  not 
known  as  a  pest. 

Aerocercops  phaospora,  Meyr.    . 

Pusa        . 

Larva  mining 
leaves. 

A  crocercops  leleslu,  MejT. 

Ento.  Note  87      . 

Do. 

Ditto. 
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Jamun  {Eugenia  jambolana) — contd. 


Fiuits      . 

Ealaiiinus  e-album   . 
fPolychrosiscellilera.iieyi.      . 

Pusa        . 
Do. 

FaUen  fruits  as 
well  as  iiealtlly 

are  affected.  '' 

Meridarchu  reprobata,  MejT.     . 

Nagpur    . 

Larva  Eugenia 
janibolana. 

Seeds       . 

Balaniniis  c-aWum,  Fb.     . 

Ann.  Eept.,  Pusa, 
1917-18,  p.  102, 
t.  18,  f.  1. 

Kashmir 
Pusa        . 

Larva  in  olive 
fruits. 

Larva  E.  jambo- 
lana seeds  and 
smaU     fruits. 

Stems      . 

Arbela  Mraonis  Mo. 

S.  I.  I.,  pp.  453- 
451,  t.  41. 

Do. 

Jak  {Artocarpus  integrifoUa). 


Perina  ntida,  Fabr. 
Ch(elodacus  fenugineus     . 
Chcetodacus  incisus,  Wlk. 
Margaronia  ccesalis,  Wlk. 

OlenecampUis  bilobus,  Fb. 
Cosmoscarta  relata,  Dist.  . 


Bezzi.  Bull.  Ento. 
Res.  VII,  105, 
1916. 


Stebbing,  Forest 
Insects,  Coleop., 
p.  375,  flg.  250. 


China,         India, 
Ceylon. 
Scarcely  a  pest. 


Larva  bores  in 
flower  buds  and 
young  fruita 
and  feeds  on 
leaves  as  well. 

Adult  on  trees. 


LoQUAT  (Eriobotrya  japonica). 


ilylhcmis  discolor  . 

MshU.  F.  I.  Cure. 
I,  348-350, 1. 106. 

Pusa        . 

Adult  on  leaves. 

Galemcella  s-p. 

Maymyo. 

Chcetodacus  fenugineus     . 

Proc.     Sec.    Ent. 
Conf.,  1917,   pp. 
213-226. 

Peraden  i  y  a, 
Katihar,  Pusa. 

See  mango.fruits. 

Cluetodaeus  lerrugimus  dorsalU, 

Bezzi  Bull.  Ento. 
Res.    VII,     104- 
105, 1916. 

Pusa. 

Viracholaisocrates   . 

S.  I.  I.,  416-417  ; 
Butterflies     III, 
p.       478       (De 
NicevUle). 

South  India      . 

Larva  also  reared 
on  guava  fruits. 

LiTCHi  {Nephelium  litchi). 

Leaves     .  !  Litchi  Eriophyes      ...  . .  Pusa,  Sibsagar 

Cricula  Irileiuitrata 


Vide  Sanjiban 
(Bengali  paper 
11th  April 
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Leavcs- 
lontl. 

Thulassodi:s  sp.         .         .         . 

Pusa 

L.irva  feeding 
onleaveo. 

AmblyrrUnus  poricoUis,  Boh.    . 

Do. 

Adult   on  litchi. 

Lyctenesthes^nwlus,  Godt. 

Bingh.„r.i.,n, 

Calcutta,  Pusa 

■  On  mango  leaves. 

Argyroploce  aproWa,  Meyr. 

Meyr.    T.    E.    S., 

1886,  275. 

Pusa 

L.arva  rolls 
leaves. 

ArgyroploceUiic<ispis,yi.ayi. 

aejT.     Gardiner's 
Fauna,       Geogr. 
Maldives  I.,  126 
(1902). 

Do.       . 

Larva  roUing 
leaves  ;  scarcely 
a  pest. 

Leaf  (eat- 
ing). 

Sdcpa{Plotheui)ceUis       . 

Proc.     Sec.     Ent. 
Cont.,    1917,  pp. 
229,  218. 

India,  Burma   . 

Aiso  on  mango, 
roses,  Ttrmi- 
nalin,  Gmelina. 

Thulasssoiles  verariti 

Proc.    Sec.   Ento. 
Conf.,    1917,    p. 
229  ;  I.  I.  L.,  p. 
475,  f.  325,  t.  41, 

Pusa,  Poona     . 

In  small  num- 
bers. 

Ari/i/roploce  leucaspis 

Proc.     Sec.     Ent. 
Conf.,    1917.    p. 
229. 

India,     Burma, 
Ceylon. 

Larvae  roll  leaves 
in  small  num- 
bers. 

Leaf 
(miner). 

Argyroploce  aprobola 
Acrocercops  hie'rocosma,  Meyr.    . 

Proc.    Sec.    Ent. 
font.,    1917,    p. 
229. 

One    ;•    Hundred 
Notes,  p.  31. 

Pusa,     Coimba- 
tore,      Poona, 
Bassein  Fort. 

Pusa        . 

Larva  rolls  leaves 

rose,™    cS; 
Polyalthia. 
Larva      mining 
leaves. 

Twigs      . 

Chlametia  transversa 

Proc.     Sec.    Ent. 
Conf.,  Pusa,  1917, 
p.  220. 

Do. 

Also  on  mango. 

fruits      . 

Argyroploce  illepida 

S.  I.  I.,  449-450, 
flg.    327;    Proc. 
Sec.   Ent.  Conf., 
1917,  p.  230. 

Pusa,  21st  Juue 
1911. 

Bores  in  the 
interior  of  the 
sto:ie,  also  in 
fleshy  substance 
of  .1.  truirmelos. 

Sucking 

Eriophyesap. 

Proc.     Sec.     Ent. 
Conf.,        1917, 

?our.^fnaia,A?{: 
286-293.  flgs. 

Pusa. 

Other       . 

Occophylla  smuragdina 

Proc.     Sec.     Ent. 
Conf.,           1917, 
p.  230. 

A    general    pest 
Makes  nests. 

Mango  {Mangifera  indica). 


Laaves    , 

SpUomta  rhothia,  }.WyT.    . 
Criciila  tritenestrata 

Meyr.    T.    E.    S., 
1910,  368. 

Koilp  a  t  t  i, 
(Madras). 

Dacca,         26th 
March       1917. 
Chaumahani. 

Larva  rolls  ten- 
der leaves,  not 
a  pest. 

Hmpsn.        F.    I. 
Moths  III,  508  ; 
I.  I.  L„  p.  475, 
f.  325,  t.  41,  flg.  7. 

Pusa        . 

Larva  on  grafted 

Ammala  dusmmieri,  Bl.  . 

-irrow  F.  I.,  But. 
p.  233. 

Travancore       . 

Adult  on  leaves. 

Adoretut  lasiopygus,  Burm 

.\rrow  F.  I.,  Rut., 
pp.  S48-349. 

Damage  similar 
to  A.   ovalis. 
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Myllocerus  sahulosus,  Mshll. 

Mythcerus  discolor  . 

Myllocerus  ll-pustitiatus,  Fst. 

Platymycterus  sjostedti,  Mslill. 
Dasychira  mendosa,  Hb.    . 

Euproctis  lamUa,  Wit. 

Perina  nuda,  Fb.     . 

LycoetiASthes  emolus  Godt. 
Macalla  moticusalis,  Wlk. 

Psyche  i-Urea,  Hmpsn. 
Aviblyrrhinus  poricoUis     . 

Apodenis  trauquebarkus   . 

Rhynchcenus  mangijerte     . 
(Ecophylla  smaragiina 


Pulvin 


1  psidii 


Chrysomphalus  trilobitiformis 
ParlatoTia  pergaiidii,  Conist. 
A&pidiotus  destructor 

Dasychira  mtndosa  . 
Euproctis  fiava 
Euproctis  sciiUillaiis 

Parasa  lepida 

Mango  leaf  (CeciJomyiad) 


L  M.  N.,  IV,  14, 
Hmpsn.  F.  I.  I., 
486,  f.  323. 


Proc.  Sec.  Ent. 
C'onl.,  Pusa,  1917, 
p.  220. 


S.  I.  I.,  p.  399; 
injurious  insects 
of  Indian  Forests, 
St«bbing,  p.  111. 


Coirab  a  t  0  r  e, 
Salem,  Madras, 
Samalkote. 


Pusa,  Cuttack, 
Pithap  u  r  a  m 
(Godav  a  r  i), 
Hagari. 


Adult   damaging 

Adult  on  leaves. 

Ditto. 

Tender  leaves. 
On  leaves. 


and  shoots  and 
destroying  the 
young  leaves. 


Not     a     pest. 
Rolls  the  leaves 
and    feeds     on 
them. 


Mango  leaves. 
(Green  determ) 
1915. 


Larva  injurious 
to     young 
grafted       man- 
goes. 
Larva  on  leaves. 
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Leaves— 
contJ. 

Argyroploce  erotias,  MejT. 

Proc.     Sec.     Ent. 
Conf.,  Pusa,  1917 
pp.  217-219  ;  One 
Hundred    Notes, 
p.  28. 

India,      Ceylon. 
Pusa,  Bombay. 

Rolls  up  tender 
leaves  also  bores 
in  shoots. 
Larvie  feed  on 
tender  leaves. 

CAriaria  spafAola,  MejT.    . 

One         Hundred 
Notes,     p.     30 ; 
Proc.,  Sec.    Ent. 
Conf..  Pusa,  1917, 
p.  217. 

Pusa,  Koilpatti 

Larva        found 
eating  leaves. 

Selepa  (PMheia)  celtis       . 

Proc.    Sec.    Ent. 
Conf.,  1917,    pp. 
229,  218. 

India,     Burma, 
Pusa. 

Occasional  spo- 
radic though  at 

"r^vell  ar™n 
lit  Chi. 

Argyroploce  aprobola 
Eugiwniptus  marginttus    . 

Meyr.  Trans.  Ento. 
Sec,  1886,   275  ; 
Proc.  Ent.  Conf., 
1917,     pp.      230, 

Ann.' Kept.,  Pusa, 
1917-18,    p.    99; 
Proc.    Sec.    Ent. 
Conf.,    1917,     p. 
219;    S.    S.    I., 
pp.   329-331.  flg. 
186-187. 

Poona,      Pusa, 
Bassein    Fort, 
Coimbatore. 

Bcmbay.Sabour, 
Pusa,    Burma, 
Delira    Dun, 
Nagpur.  Poona, 
May  m;y  o,' 
Madras. 

Larva  rolls  ten- 
der leaves. 

Tender  leaves 
cut  off.  (On 
mango  shoots 
MonthlyKeport,. 
September  1918, 
Sabour). 

Satada  nhitiiia 

Proc.     Sec.     Ent. 
Conf..  Pusa,  1917, 
p.  217. 

Bengal     . 

Euthalia  gariida 

Ditto 

Pusa,  9th  Sep- 
tember 1907. 

Not      a       post. 

Cricvla  trifeimtrata 

Proc.    Sec.    Ent. 
Com.,  Pusa,  1917, 
p.  218. 

South        India, 
North-E  a  s    t 
India,    Burma, 
Bengal,  Eastern 
Benial. 

Serious  in 
Bengal. 

Lymantriaheatriz    . 

Ditto 

India,     Ceylon, 
Poona,  Pusa. 

Not  a  pest. 

EuproctU  lunata      . 

Ditto 

Mysore    . 

Defoliates  tree. 

Bombotdia  joco$atrix 

Ditto 
S.  S.  I.,  pp.  382- 
383,  flg.  243. 

South  and  West 
India,  Bihar. 

Occasional  pest. 

Thcdassodes  quadraria 

Ditto. 

Poona,  Pusa   . 

A  sporadie 
pest. 

Macallamoncusalis 

Ditto 
p.    219;    S.    S.  I., 
V  3S2.383,    «g. 

India,  Madras  . 

Webs  up  leave* 
Chits'"'"''' 

Aerocercops  sp.         .         .         . 

Ditto 

Bull.  No.  59,  Note 
84. 

Proc.    Ent.  Conf., 
Pusa,     1917,    p. 
220.;  One  Hund- 
red Notes,  p.  8  ; 
S.  I.  I.,  p.  334, 
i.  192. 

Not  »  seriou* 
pest. 

L  e  a  f- 

niii^ers. 

Rhynchwnu,  (.Orchettes)   mangi- 
terce,  JlshU. 

Pusa,    Coimba- 
tore, Godavari 
district,     Pad- 
davadlap  u  d  i 
(Guntur     Dis- 
trict). 

tender  leaves. 

Acrocercopi  syngramma,  MejT.  . 

One         Hundred 
Notes,     p.     30; 
Meyrick     B.     J. 

xxni,  120. 

Saidapet,  Pusa, 
Bank'ipur, 
Chitur,    Coim- 
batore. 

Larva  mines 
leaves. 
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L  e  a  f- 
mincrs— 
contd. 

Acrocetcopscalhedrcea.lltri.     . 

One     Hun  d  r  e  d 
Notes,  p.  30. 

Pusa,    Coimba- 
batore,      Raj- 
shahi. 

Mines    lea  v  e  s. 
Alterna  t  i  v  e 
food     Achijran- 
thes  aspera. 

Arrocercops  isomma,  Meyr. 

One     Hund  red 
Notes,     p.      30 ; 
MeyT._  Ext.  Mycro 

A  single  .speci- 
men reared 
from       mango. 

Shoots     . 

Acrocercops  pentalocha,  Meyr.    . 
Akides  frenatiis,mWl.     . 

Bom.  Jour.  XXm 
119. 

Ann.  Eept.,  Pusa, 
p.    103.    t.     19, 
f.  1;  Proc.  Sec. 
Ent.  Con..  1917, 
p.  220  :     0  n  e 
Hundred    Not«s. 
No.     28,     p.     9, 
flg.  4. 

One     Himdr   e  d 
Notes,  p.  28. 

Dacca 

Larva       minins 

blotclies          in 

leaves. 
Tlie    grubs    l)or« 

into  the  shoots. 

A   bad  pest  at 

Dacca. 

Argymploce  erotias,  Meyr. . 

Bombay 

Larva  bores  into 
the  shoots. 

One     Hundr  e  d 
Notes.    No.     78, 
p.  29  ;  Proc.  Sec. 
£nt.  Com.  Pusa, 
1917,     p.     220; 
Me>Tick     B.     J. 
Xxn,             774 
(1914). 

Proc.     Sec.    Ent. 
Conf..  1917,  Pusa, 
220  ;  Ann.  Kept, 
of  A.  R.  I.,  1917- 
18,  p.  103. 

I.   I.    L.,   p.   742, 
£.  514-515  ;  Proc. 
Sec.    Ent.  Conf,, 
Pusa,     1917,    p. 

Nagpur,  Pusa  . 

Larva;  bore  into 
the  top  shoots 
of  young  twigs. 
Scarcely  a  pest. 

CMumetia  transvtrsa 
ApsyUa  eisteliata      . 

United        Pro- 
vinces, Poona, 
Travanc  ore, 
Coimbat  ore, 
Bombay,  Pusa. 

North  India. 

Also  on  litchi 
boring  in  shoots 
and  sometime 
feeding  o  n 
mango  leaves  ; 
a  bad  pest  of 
grafted  mango 
at  Poona. 

Beetle  grubs    . 

Monthly     Report 
Bihar  and  Orissa, 
AprU  1918. 

Grubs  boring  in 
shoots. 

Buds       . 

Brachytrypes  portenlosus,  Licht. 
Selepa  (Plotheia)  cellis. 

Fletcher  S.  I.  I,, 
p.    536,   f.   430; 
Proc.    Sec.   Ent. 

^r98^'i?l;  l?6. 

278,  281,  290. 

Malda      . 

Young  mango 
shoots. 

Eubtemmasp. 

Pusa        . 

On  bud. 

Inflore- 
scence. 

Nanagma  bmiuecula,  Wlk.      . 

Do. 

and  feeding  on 
them. 

EtiUemma  tUicula,  Swinh. 

landhi     (Sind) 
Pusa,  Nagpur. 

Larva  in  inflore- 
scence    and 
buds. 

Amblynhinui  porUolHs,  Bob.    . 

Pusa 

Adult  on  inflore- 

Scelodonta  utrigicollU,  Mots.       . 

Jac.  F.  I.  Chryso,, 
p.  386. 

Do. 

CAelaria  MtCTwfa,  Meyr.    . 

MejT.  Exot.  Micro 
I,  580-581. 

Panap  a  k  o  m 
(Chittur     Dis- 
trict),   Sheva- 
roy  Hills. 

La  r va     on 
flowers. 
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Inflor?- 

PTOSiii(Mi/?ocirora,  MejT.  . 

Me>-r.  Exot.  Micro. 
I.,  598. 

Pusa. 

con((. 

A)dcsiiacruciMa,V\i. 

S.    I.   I.,   p.    472, 
f .  350. 

Chhindwara      . 

Inflorescence  was 
reported  to  be 
damaged. 

Flowers    . 

Chelaria  rhicmta,  Mcy'r.     . 

B.  J.  XSII,  165- 
166. 

Oiittur  (Madras) 

Larva  feeding  on 
flowers. 

Mango-hoppers 

Ann.  Kept.  Dept. 
Agri.,       Madras, 
1917-18.  p.  75. 

Vizagap  a  t  a  m, 
Chittur,  Salem. 

Euprodis  sciidillans 

Proc.    Sec.    Ent. 
Conf..  1917,  Pusa, 
p.  221.     S.  S.  I., 
p.  399,  t.  268. 

S  a  i  d  a  pet 
(Madras). 

Found  in 
flowers. 

Dkliocrocis  punclilemlis    . 

S.    S.    I.,   p.    433, 
t.  34  ;  Proc.  Sec. 
Ent.  Conl.,  Pusa, 
1917,  p.  221. 

Pusa,  Nagpur  . 

Minor  Pest.  In 
aborted  flowers, 
Pusa,  June 
1912. 

Eiibkmmasilictda    . 

A„lcstia  eruciala      . 
Idiocerus  alkimoni  . 

Proc.     Sec.     Ent. 
Conf..  1917,  Pusa, 
pp.  221-222. 

Proc.     Sec.     Ent. 

Conf..  Pusa,  1917, 

pp     221-222;   S. 

S.  I.,  p.  472,  f. 

350. 
Proc.     Sec.     Ent. 

Conf.,  1917,  Pusa, 

pp.         221-222 ; 

Agri.  Jour.,  India. 

Do. 

Central        Pro- 
vinces. 

Plains. 

Buds  and 
flowers,    Castor 

BIB 

feeder. 
Possibly  a  mere 
casual  visitor. 

Idwctrus  dypealis    . 

Ditto 

^»9ig; 

145,  Rev.  applied 
Ento.      VI       A 
January       1918, 

Do.      . 

This  also  attaclta 
mango  blossoms 
in  PhiUppines. 

i-ruits      . 

Cha-todaeus  jertugineus  incisus, 
Wlk. 

BezzL^Bull.  Ento. 
ReJi.     VII,     105, 
1916. 

Bangalore,  Coim- 
batore. 

Adult  on  leaves 

Chatodacus  ferruginem  versicolor 

Ditto 

Coimbatore 

Larva  in  fruits. 

* 

Bezzi.  Bull.  Ento. 
Res.    VII,    105- 
106,  1916. 

Amraoti,  United 
Prov  i  n  c  e  s 
(.Moradabad). 

Ditto. 

Choetodacus       dirersus,       Coq., 
(.Balrocera  diirrsa). 

Bezzi.  Bull.  Ento. 
Res.    VII,     108- 
109,  1916. 

Peradeniya 

Chwtodacus  corredus  (Bactocera 
zonala). 

Proc.     Sec.    Ent. 
Conf.,    1917,   pp. 
225-226.        Bnfi. 
Ento.   Res.  VII, 
107,  1916. 

Pusa,    Coimba- 
tore,     Hagari, 
Guindy. 

Crijptorrhynchus  mangiterw 

Proc.     Sec.     Ent. 
Cont.,  Pusa,  1917, 
p.  225  ;  S.  S.  I., 
p.  341,  fig.  200. 

Travanc  ore, 
Coimbat  ore, 
Lahore.  Palur, 
India,   Ceylon, 
Java,     Chagos 
Island,    Mauri- 
tius,  Reunion, 
Madagas  car, 
Zanz  i  b  a  r, 
Natal,  Hawaii, 
Rangoon. 

Larva  ins  i  d  e 
stone. 
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rruits— 
contd. 

Criiptorrhynchus  gravis 

Ann.  Kept.,  Pusa, 
l'.tl7-18,  pp.  100- 

^crafj'fiym^^: 
(Does  not  occur 
at  Pusa). 

Bad  in  Bengal. 

Old  trees  da- 
mage serious. 

Cryptorrhynchm  porUollis 

Ento.Note,  28     . 

Dacca,  through- 
out      Eastern 
Beng.al. 

DichroerocU  pimctiferalis  . 

Pusa        . 

Occasionally. 

Hendel. 

Bezzi.   Bull.   Ent. 
Kes.    VII,     104- 
105,  1916. 

Coimb  a  t  0  r  e, 
Pusa,    Manda- 
lay. 

branches, 
bark. 

Batocera  riibus 

One         Hundred 
Note,  p.  10  ;  Proc. 
Sec.  Ent.   Conf., 
Pusa,  1917,  p.  226. 

Pusa 

Life  Hist  0  r  r 
occupies  one 
year. 

Arbelatetrao,m,Uo. 

Proc.     Sec.     Ent. 
Conf..  Pusa.  1917, 
pp.  226-22-  ;  S.  I. 
I.,     pp.    453-454, 

Do. 

Proc.     Sec.     Ent. 
Conf..  Pusa,  1917, 
pp.  226-227. 

Beliomtaprasina     . 

Proc.     Sec.     Ent. 
Couf^.^Pusii^,  1917, 

Pusa,  Sura  t. 

Cerambycid  beetle  (unnamed) 

Proc.     Sec.     Ent. 
Conf.,  Pusa,  1917, 
pp.  226-227. 

Borers  in 
Stems, 
branch- 
es, bark. 

Termites         .... 

Proc.    Sec.     Ent. 
Conf..  Pusa,  1917, 
pp.  226-22V. 

• 

Base    of 

mango 

trees. 

Eutelia  blandialrix,  Boisd. 

Pusa        . 

loth  March  1916. 
caterpillars  at 
base  of  tree. 

Mango 

Parasalepida 

Bankura 

Larva  resting  in 
trunksf 

Stems      . 

Belionota  prasxna,  Thunb. 

Baroda,  Surat  . 

Larva;  in  num- 
bers at  Surat  in 
stem  apparently 
kiPed  by 
them. 

Stylotermes  fletcheri,  Holmg. 

Holmg.         Ento. 
Mem.  V,  142-143. 

Shevaroys 

Burrowing  in 
rotten  interior 
and  in  sound 
wood  of  a 
mango  tree. 

'r^^is. 

Arbela  thehora,  Hmpsn. 
Aleyrodes  sp 

Hmpsn.  B.J.  XX, 
97,t.G.f.l. 

Proc.    Sec.     Ent. 
Conf..  Pusa. 1917, 
pp.  227-228. 

Assam     . 
Pusa        . 

Larva  borers  in 
the  smaUer 
branches  feed- 
ing under  a 
web. 

Not  a  pest. 

MonepMebus   stebbingi    oclocau- 
datvs. 

Proc.     Sec.     Ent. 
Conf.,  Pusa,  1917. 

Pusa,     Morada- 
bad. 

Icerya  seychdlarvm  - 

Proc.     Sec.     Ent. 
Conf  ,  Pusa.  1917, 
pp.  227-228. 

Poona 

Not  a  pest. 
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Sacking 
insec"-*- 
onW. 

Icerya  minor  .... 
Pseudococcus  sp.      . 

Proc.     Sec.     Ent. 

Cont.,  Pusa.  1917, 

pp.          227-228 ; 

-Mem.  Ento.    Ser. 

II,  17-18.            ' 
Proc.    Sec.      Ent. 

Conf..  Pusa,  1917, 

pp.  227-228. 

_Pus.a         . 
Madras    . 

Not  a  rest . 
Ditto. 

Puhinaria  psidii     . 
Ceroplastes  florldensis 

Proc.     Sec.     Ent. 
Conf.,  Pusa,  1917, 
p.    228;      S.     S. 
I.,     p.    511,      fig. 

Proc!    Sec.     Ent. 
Conf.,  Pusa,  1917, 

s 

Ditto. 
Ditto. 

ThminastelUU-m    . 

Proc.     Sec.     Ent. 
Conf..  Pusa,  1917, 
p.  228. 

Madras     . 

Ditto. 

Coccus  [Lecanium)  maiigilerce    . 

Proc.     Sec.     Ent. 
Conf.,  Pusa,  1917, 
p.  228. 

Pusa        . 

Ditto 

Cliiomspis  dilatata  . 

Proc.     Sec.    Ent. 
Conf..Pusa.  1917, 
p.  228. 

Poona,  Calcutta. 

Chioiiaspis  vitis 

Ditto 

Madras' 

Lcifcaspis  indica 

Proc.     Sec.     Ent. 
Conf.,  Pusa  1917, 
p.  228. 

Poona. 

WW' 

lings. 

Termites          .... 
Gnjllodes  melaiiocephalm  . 

Proc.    Sec.     Ent. 
Conf..    1917,    p. 
216. 

Proc.     Sec.    Ent. 
Conf.,  Pusa,  1917, 

The  following  mango  pests  were  detected  by  E.  R.  Sasscer,  Columbia, 
on  mangoes  received  there  from  India. 

[Jour.  Economic  Ento.,  Vol.  VII,  No.  2  (19U),  p.  242  ]. 

Phenacaspis  dilatata,  Green. 

Asterolecanium  pustulans,  Ckll. 

Puhinaria  (immature). 

Mango  weevil  (?  in  mango  seed). 

Melon  {Cucumis  melo). 


stems 

Julodesammoni,-E.m.    . 

Iml.   Mus.  Xoles, 
IV— 2,          48-49 
(1896). 

Lieah         (Dcra 
Ismail  Khan). 

Eeported  as  very 
destructive  ii 
June  1895  to 
melon  crops. 

Truits      . 

Aalacophora  abdominalis  . 

S.    I.    I.,    p.    311, 
fig.  101. 

JaUandhar 

Larva  and  adult 

?u°^i,lrsfn 
lying  on  ground. 

SaciisbrevislyUis,  Bez2.i.   . 

Bczzi.   Bull,  Ent. 
Bos.     VII,      101 
(October    1916); 
Proc.    Sec.    Ent. 
Meeting,  pp.  243, 

Siddhont  (Cud- 
dapah). 

Larva  in  melons. 
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Melon  {Cuctimis  melo) — contd. 


Chc^todacHS  cucurbltce,  Coq. 


Myiopardnlis  carpalii 


Larva  in  melon. 
Larva  in  melon 

Larva  in  melons. 


Mulberry  {Morus  spp/ 


Leaves     . 

Mimastra  cijani-a,  Hope.  . 

I.  M.  N.,  IV-4,  217 

HiUs       near 
Simla. 

Defoliating.  (See 
under  apple). 

Euproctis  lunata,  wm.      . 

Hmpsn.   F.   I.   I., 
472-473. 

Coimbatore. 

Prodenia  litun 

I.  M.  N.  I.,  No.  4, 
1590.      p.       210. 
I.  M.  Notes  II-6, 
p.  160. 

Balasore  . 

Eats  the  leaves. 

Astycm  lateralis,  Fb. 

Mshll.  F.  I.  Cure. 
I.,  pp.  139-140. 

Rangoon 

Dcf  0  1  i  a  ' 
bushes. 

Sympiezomias  cretaceus,  Fst. 

Mshll.  F.  I.  Cure.  I. 

Bangalore 

On  mulberry. 

Deiralolcns  (n.  g.    MshU.    JIs. 
n.sp.) 

Shillong.    June- 
July  1918. 

Adult  nibbling 
leaves  and 
doing  consider- 
able damage. 

Shoots     . 

Monophlebiis  sp.    (near  tamarin- 
dus,  Green.). 

Kohat    (North- 
west  Frontier 
Province). 

Identification  by 
Mr.  Green, 
December  1918. 

Fruits      . 

Amplomus  fieiiiosus,  Bezzi. 

Mem.Ind.  Museum 
Vol    ?    pp.  100- 
102,  t.  VIII,   flg. 

Jeo  1  i  k  0  t  e, 
(  K  u  m  a  u  n. 
United      Pro- 
vinces). 

Diehocrocis  ptiMti/eralis,  Guen. 

S.I.I.,p.433,  t.  34 

Bangalore. 

Chcetodacus  caudatiis,  Fb. . 

Bezzi.   BuU.   Ent. 
Res.    VII,     110, 
1916. 

Jeolikote 

On  fruits. 

Stems      . 

Ccelosterna  sp. 

Imphal,       27th 
April         1914 
(M  a  n  i  p  u  r 
State). 

Considerable  da- 
mage   done    to 
mulberry        on 
one  plantation. 
A    quantity    of 
dust      accumu- 
lated round  the 
roots.    Holes 
on    the     stem. 
■When      c   u   t. 
stems      contai 
beetle      and 
grubs. 

Stiieiiiiisgrisator 

S.   I.   I.,   p.    326, 
f.  182;  Stebbing 
Inrt.  For.  Insects. 
Coleop..  pp.  377- 
378,  fig.  252. 

Bang  a  1  0  r  e, 
Kurnul,  Nasik, 
Palitana  State. 

Girdles  stems 
Bad'in  Madras. 
Not  seen  in 
Mysore.  Ve  ry 
bad  in  grape- 
vine. 

Apriona  germuri,  Hope.    . 

Stebbing  For.  Ins. 
rol.,  pp.  371-372, 
374,  f.  249. 

S  h  a  hdera 
(Lahor.>). 

Larva        boring 
into  main  trunk, 

abtLma'?;'"- 

Aprioiia  cinerea,  Chev. 

Stebbing      Forest 
Insts.  CoU„  p.  374. 

Dehra  Dun., 
Jammu. 

Larva  boring 
mulberry  stem. 

ing  shoots  and 
young  twigs  of 
Monis  indica. 
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Calpe  ophUkroiiles    . 
Lagoptera  honesta     . 

Argynnis  hiiperbim,  Joh. 
Dacm  oleic,  Fb. 


One  Huntl  red 
Notes,  p.  21.  Note 
04,  Acs.  9-10. 


Olive. 


Kastimir    (27th 

1918). 

C'herat  (North- 
west Frontier 
Province). 


Papaya  (Carica  papaya). 


Dasyses  rugosellir 


St.ainton  T.  E.  S. 
(N.  S.)  V,  113- 
114,  1859. 


A  serious  pest  of 


Larva  usually^ 
feeds  on  dead 
wood,  but  may 
bore  in  below 
the  bark  of  old 
living  stems. 
Direct  damage 
slight,  but  the 
Indirect  damage- 


Peach  {Prunus  persica). 

Leaves     . 

Anomala  aurora.  Arrow. 

One     Hufldr  e  d 
Notes,  p.  4. 

JIaymyo  {Upper 
Burma). 

Attacks  leaves. 

Anomala  pallidospila.  Arrow.     . 

Ditto 

Ditto. 

PopUlUhisteroidea.  Gyn. 

One     Hundr  e  d 
Notes,  p.  .7. 

Mavmvo,     May 
1909. 

Damages  leaves- 

EmperorrMmis  deiolitttor  . 

Bull.     Ent.     Ees. 
VL  3Bfi-368,  flg. 
1  ;  2nd  Hundred 
Notes  116-117. 

Kulu        . 

Damages  leaves- 

DasyoMrasv- 

Pusa  (3rd  March 
1911). 

Diradestheclala       . 

Pusa  (2nd  Sep- 
tember 1909). 

Larva  on  ten- 
der apic  a  1 
leaves.  •; 

Popilliasv 

Arrow,  F.  I.  Eutd. 
p.  80. 

Maj-myo,     May 
1909. 

Adult  on  leaves. 

Anomala  decorata, 'Kitscb. 

Arrow,  F.  I.  Hut., 
p.  216. 

Maymyo 

Adult  on  leaves 
(one  only). 

Xodinamfipes,  J&c. 

Jac,  F.  I.  Chrys, 
p.  293. 

Mouira   e   i   n; 
•  Maymyo. 

Adult  on  leaves. 

S.    I.    I.,    p.    396, 
f.264. 

Pusa. 

Sucking  . 

Antestia  eruciata,  Peach  Aphis  . 

Nepal  (9th  May 
1911). 

Affecting 
fruits. 

Calpe  opMderoides  . 

One  nund.  Notes 
64,    p.    21,    flgs. 
9-10. 

JeoUkote 

Punctiu-es  fruits 
at  night  and 
these  drop 
do™. 
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Peach  {Prunus  persica) — contd. 


Affecting 
fruits— 
contj. 

Chatodacus  terruginem  Fb. 

Proc.     2nd     Ent. 
Com.    1917,    pp. 

VII.  1916. 

Myitkyina         . 

See  Mango 
Iruits.- 

DichocTocis  piinctileralis  . 

I'usa,   6th   Sep- 
tember 1914. 

Larva  boring  in- 
to  fruits. 

Chcetodacciis     zonatiis,     Saund. 
(persica.  mangi/erce) . 

Bczzi.  Bull.  Ento. 
Bcs.     VII,     105- 
100(1916). 

■ 

Pusa        . 

Pachmarhi 

Taru       (North- 
West   Frontier 
Province). 

Specific  pest  of 
peach.  Bred 
from  mango. 

Larva  in  peach 
fruits. 

Lygaus  pandurus,  Fb.       . 

Punjab    . 

Monthly  Report, 
Lyallpur,    July 

LucanusUiniler.Uoj,^.     . 

Stcbbing  Ind.  For. 
Insects,  Col.,  pp. 
70-72,   ff.   37-38. 

E  a  m  g  a  r  h 
(United      Pro- 
vinees);    Aug. 
1918. 

Males  f  0  u  n  a 
boring  Into 
peach  fruits 
about  middle  of 
July.  T  h  e 
beetles  are 
said  to  do 
consider  able 
damage  and 
bore  info  sound 
ripe  fruit. 

Bingham,  F.  I.,  I, 
39.397.     t.     10, 

Pachm  a  r  h  i 
(Central     Pro- 
vinces). 

Butterfly  re- 
ported to  suck 
fruits ;  record 
seems  doubtful. 

Hendel. 

Bezzi.,  Bull.  Ento. 
Res.  VII,104-105, 

Maymyo 

Larva  in  peach. 

Pear  (Pyms  communis). 

Leaves 

Brahmina  coriacea  Hope. 

One    Hund  r  e  d 
Notes,  p.  3. 

Jeolikote, 
United       Pro- 

EuproclU  flava 

LyaUpnr,     27th 
June  1917. 

Larva  on  leaves. 

Adoretusdurauceli,  Bl.      . 

Arrow,  F.  I.  Rut., 
pp.          343-344  ; 
Ento.  Note  21. 

Jeolikote. 

Adorelus  horlieola,  Arr.      . 

Arrow,  F.  I.  Rut., 
p.    344.      Ento., 

Do. 

Adoretus  rersutus,  Har.     . 

F.  I.  Rut.,  p.  350- 
351  ;  Ento.  Not£ 

Do. 

EmperorrhintiB  deloliator,  MshU. 
Phytoicaphus  triangularis,  01.    . 

MshU.  F.  I.,  Cure. 
I,  286-287. 

Kulu 
Pusa. 

Alternative  food 
Alnm  nitida. 

imradolcut%v. 

Shillong   (June- 
July  1918). 

Adult  nibbling 
holes  on  leaves. 
Doing  consider- 
able damage  ; 
collection  by 
hand. 
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Peak  (Pyrus  toiiimunis) — contd. 


stems 
Twigs 


Mimasira  cyanea,  Hope. 
Sphmgid(Gen.?sp.  ?) 
BelippalaUana.'Mo. 


I.  M.  K.,  IV,  4, 
217. 

Solan  ;     Sanibli 
(Murree  Hilb). 

Defoliating 

Kulu  ;  Shillong 

Also     oil    . 

(Sec 
kpple.) 

I.  I.  L.,  p.  501, 
t.  28,  f.  14. 

ShiUong. 

Bezzi.  Bull.  Ento. 
Res.  VII,  104- 
105, 1916. 

JIaymyo. 

Phyllanthu^  emblica. 


Ophiusa  attalis  Guen. 
PaniUelia  aiialU,  Gwn. 


Arbfla  telraonU 

Machcerota  sp. 
Pyralid 


,  Mo. 


Ceylon. 
Pusa. 


only. 
Defoliating. 


Phoont  (Cucumis  trigonus). 


Cha^odaciis  cticurbitce,  Coq. 
Myiopardalis  pardalina.  Big. 


Bezzi.  Bull.  Knt. 
Res.  VII,  107- 
110,  1916. 


Plantain  {Musa  sapientum). 


tcaves     . 

Stephaiiitisti/picus  Dist.    . 
Pericalliaricini       . 

One      Hundr  c  d 
Notes.       p.     36, 

^.f:   pp.    370. 

Plains. 

Through  0  u  t 
South  India. 

Psyehid          .... 

Pusa  (11th  Feb- 
ruary 1914). 

Larva  on  leaf, 

Nodostoma  subcostatiim,  Jac.      . 

.Jac.  ¥.  I.,  t'lirys., 
p.  334. 

Assam,  Burma, 
Pusa. 

leaves.  Larva 
found  under- 
ground near 
roots  of  grasses. 

Parasa  lepida,  Cram. 

S.  I.   I.,  pp.   410- 
411,  ff.  283-284. 

India,     Ceylon, 
Kumbalengno, 
(Cochin)  Poona, 

Gregarious 
round  shclMike 
cocoons  on  tree 
trunks. 

fruits      . 

yodosloma  subcoetatum.  Jac.      . 

Second    Hundred, 
Notes.  No.  147. 
Jac.  K.  I.  Chry., 
p.  334. 

Assam,  Burma, 

.... 

AduH,  on  fruits  as 
weU   as    leaves. 

Chirlodanis  dirersuK,  Coq. 

Bezzi.  BuU.  Ento. 
Res.    VII,     108- 
100,  1910. 

Mandalay 

Also    Irrl   from 
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Plantain  {Musa  sapientum) — contd. 


.•stems      . 

riiula  iiulini,  Wlk.  . 

One      Hundr  c  d 
.Notes,  p.  17. 

Pusa,  (  hapra    . 

Larva     bred     in 

A  Hispid  Ijcitle 

H   m   a  w   b  i 
(Burma),     7th 
Septemb    e    r 
1918. 

The      specimens 

.\l"K.D°Shro(f 
as  boring  into 
the  plantain 
stem.  T  h  e  e  e 
could  not  be 
identified  and 
were  returned. 

Odoiporus  loiigU-oUu! 

Proc.     Sec.     Knt. 
Conf.  Pusa,  1917. 

Calcutta,  Pusa 

Larva  in  stem. 
Destructive  of 
affected  plant. 

Cosmopolites  sonlidus,  (Jeriu.     . 

S.  1. 1.,  p.  342-343, 

Mahin,  (Bombay, 
Poona. 

Adult  in  s  t  e  m. 
Occurs  as  a 
pest  and  may 
be  introduced 
in  plant  i  n  g 
setts. 

Chnisamrlul    (Hispinvf)     ((ien.' 
sp.V) 

Hniawbi  (Lower 
Burma). 

Bores  into  plan- 
tain nowers  (K. 
D.  S.  ;  7th  Sep- 
t.-mb.r  19(W). 

Hoots 

Priylus  m>Uerl:orfjii,  Boll. 

Pusa 

Boring  roots. 

Plum  {Alu  Bokhara). 


Adoretus  nrsiitus,  Har.     . 
Chrysomelid  (Uen.y  sp.?)  (ij 


(Leaf  curl)       . 
Myllocerus  sabiilos'is 

Euproctis  fiava 

Anomala  varicolor,  Gyll. 

Aiwmala  lineatopeiutis,  Bl. 

Adoretus  duvaueeti,  Bl 

Viracfwla 


p.     34* ;     EI» 
Arrow,  r.  1.  Ru 


Arrow,  Rut.,  pp. 
343-344  ;  Ent. 
Note  21. 


Damage  by  night* 


29th  ,  Adult    on    plum 

17.  trees    in    num- 

I     liers  ;       attacks 


Saharanpur. 


age    of 


Pomegranate  {Punica  granatum). 


398-  I  South  Indi: 
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Pomegranate  (Punica  yranahim) — ccntd. 


''^ontd.  ■ 

Euproctis  flora 
Parasalepkhi 

S.  1. 1.,  p.  41U-410. 

Lyallpur  (27tl. 
June  1S117). 

Myllocerus  ll-pusttiMiis,  Fst.    .. 

MsliU.  I'.  1.,  Cure. 
I,  350-350. 

Pusa 

Adult  onU-.'.vc.- 

Eiiproclis  sciiililln7is,  Wlk. 

S..I.^1.,    p.    399, 

Uo. 

Iniits      . 

rirachola  isoeraks,  lb.     . 

S.  I.  I.i  416-417  ; 
I.  M.  K.,  II,  156. 

Shikarpur  (Sind) 
South  India, 
Surat,  Samal- 
kota,  Samasti- 

STn^l'.?^!"'"' 

Also  rear  e  it 
from  seedless 
Navel  Oransos.. 
Bangalore. 

Deudorix  epijurbas,  Mo.    . 

Lcp.    Inilica    IX, 
33-34.  t.  711,  ff. 
3,  3-n-r. 

Kumaon 

Larvse  distruc- 
tive  to  fruits 
in  June- July,  ia 

seareely  a  fruit 
escapes. 

Evzophera  piinicmlln.  Mo. 

Hmpsn.  1'.  I.,  IV. 
73.     I.  M.  N.  II, 

28. 

Baluchistan      . 

Larva  recorded 
boring  in  fruits. 

etenis      . 

Ophiiisa  arctoUema  . 

Pusa  (:;ist  .Sep- 
temher  1900). 

CaterpiUars  werj 
found  in  cradl- 
ed bdrk  on  stem 
though  doins: 
no  damaije. 
In  the  Inscctary 
they  ate  leaves 
a  little-did  not 
cat  bark. 

Sapatu  ;  ALLIGATOR-PEAR  {Ach/as  sapota). 


Metanastria  hyrlacit. 


NcphopltTiix  enfjrapliella,  Bag. 


Chcetodacus  lernighmis  versicolor 
ChcelodacvF.  !onaUis,  Saunders.  . 


First  Hundred 
Notes,  p.  25, 
flg.  14. 


Bezzi.  Bull.  Ento. 

Res.     VII,     105, 

1916. 
Bezzi.  Bull.  Ento. 

Bes,     VII,     105- 

106,  1916. 


feeding  on    the 

found  on  Euge- 
nia jamholana 
trees,     on     the 

Wehbinp!  leaves. 


Strawberry. 

Mylloeerin  blaniiis,  Fst.  .  .  |  Mshll.  F.  I.,  Cure. 
I,  pp.  333-334, 
f.  101. 

MyUoeeriis  ll-puslu!ah<s  Fat      .      Mshll.  F.  I.,  Pure. 


I'ROCBIEDIXGS    OF    TUB   THIilB    BiNXOMOLOGICAL    MEETIXG  59' 


Tamarind  {Tamarindus  indica). 

Leaves     . 

Slaiiropusatlemus  .  .  .  |  S.  I.  I.,  ]>.  408,  ff. 
:;70-i8l). 

Coimbatore, 
t|..^„ia..  south 

Larva  also  on 
tur,  Treula  nudi- 
lolia  and  tea. 

I'-ruits      . 

V iraclwla  isocrates   .         .         .      S.  1. 1.,  pp.  416-417 

South  India. 

i'  r  u  i  t  s 
(Stored). 

Calandraliitmrit,  Hbst.  .  .  One  Hundr  e  .1 
Notes,  p.  10. 

Piisa 

Breeds  in  stored 
fruits. 

Walnut. 


Saiurnla  {Caligula)  simla 
Oxyambiilijx  sf rice i points, 

Belippa  lahana,  Mo. 


Water-melon  (Citrullus  vulgaris). 


Dacua  brevistyltis 


Bezz 

Bull. 

Knto. 

Kes 

VII 

109- 

110, 

1916. 

Proc. 

Second  Entl.  i 

Meeting,  p 

;i05.    1 

Eacli    larva 
foliates      eoi 
derably. 

Larva  d  o ' 
slight  dam; 
by    feeding 


Reported  as  a 
bad  pest  of 
water-mel  o  n  s 
in  April  1908. 
«rubs  bore  into 
the  side  on  the 
ground.  They 
tunnel  into  the 
fruits  fllhns  the 
passage        with 


Waternut  {Trapa  bispinosa)  (Veni.  Singhara 

Gaierucclli  Singhara  .  ) 


Wood-apple  {Feronia  elephantum). 


Param  lepicfa 
Argyroploce  illi 


Proc.     Sec.     Ent.  , 
Conf.  1917,  p.  230. 

HrtiT^on     V     T      TV 


Most  of  these  insects  have  also  been  discussed  in  the  general  list  of  Mr.  Fletcher, 
crop-pests.    We  have  been  collecting  information  on  Fruit-pests  for 
some  years  now  and  it  will  be  useful  to  have  a  hst  oi^the  various  fruit- 
trees  showing  what  insects  we  know  as  attacking  each. 
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23.— LIST    OF    THE    PESTS    OF    FRUIT-TREES    (INCLUDING 
PALMS)  IN  BURMA. 

By  K.  D.  Shroff,  B.A.,  Entomological  Assistant,  Burma. 


Pest 

Part    of    the    Phint 
attacked 

Remarks 

1.  RrxACEa:. 

(n)  Citrus  trees. 

Bruchijtrypes  porlentosiis   . 

Seedlings  (Orange)  . 

Reported  "  serious  "  at  Kya-in 
(Amherst  District). 

Fapiliodemoleiis       . 

Leaves  . 

Sometimes  serious  to  young 
plants. 

Cacxeciu  miaiceana   . 

1)0.      . 

Not  serious. 

Gnatholea  eburifera  . 

Stem  and  Branches 

Proved  serious  at  Kya-in. 

Rhynchocoris  humeralis     . 

Plant  juice      . , 

Reported  "  serious "  from 
Bassein. 

KeodurtKsacocephaloides  . 

Do. 

Not  serious. 

Coccids  (2  species)   . 

Do. 

Minor  pests  ;  status  not  known. 

(6)   Wood  apple. 

Euproclis  fraterna     . 

Leaves  . 

Not  serious. 

2.    RuAMNEiE. 

Zizy^hiis  jnjubd. 

Phycitasp 

Leaves  . 

Minor  pest. 

Dereodus  sparsus 

.     Do.     . 

Ditto. 

Moth  ? 

Fn.it      . 

Ditto. 

3.  Ampelideje. 

Grape  vine. 

Theretra  gnoma 

Loaves  . 

Not  serious. 

Theretra  aleclo 

• 

Do.       .       •. 

Not  common. 

Theretra  oldenlandice 

Do.       . 

Ditto. 
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23.— LIST  OF  THE  PESTS  OF  FRUIT-TREES  (INCLUDLVCI 
PALMS)  IN  BURMA— co«<rf. 


Pest 

Part    of   the    Plant 
attacked 

Remarks 

4.  Anacaediace^. 

(a)  Mango. 

Engnamphis  marginahts  . 

Leaves  . 

Found  once  at  Maymyo. 

Crievla  trifevestrala 

Do.      .         .         . 

Minor  pest ;  sometimes  seri- 
ous ;  abundant  in  Rangoon. 

Macalla  momusalis  {1)       . 

Do.       . 

Found  at  Mogaung  and  Hopin. 

Weevils?         .... 

Branch-joints 

Found  at  Mogaung;  status 
not  known. 

Rhylidodera  robusta 
Anomala  aurora 

Branches  (Borer)     . 
Fruit      . 

Minor  pest ;  kills  medium- 
sized  trees  gradually  at 
Maymyo ;  also  attacks  fig 
trees. 

Once  found  feeding  on  serai- 
ripe  fruits  at  Maymyo. 

Do.       .   .      . 

Very  serious. 

Chaetodams  ferrvgineiis     . 

Do.       . 

Ditto. 

Idiocenis  atkinsoni 

Plant-juice      . 

Minor   "pest     but     sometimes 

Teltigoniella  ferruginea      . 

Do.     (?)    . 

Found  in  numbers  on  the  tree 
but  status  not  known. 

Mealy  Bugs  (3  species)      . 

Do. 

Not  yet  found  serious. 

(6)  Amra  {Gwe-di)  {Spomiia.s 

Podontiaaffinis 

5.  Rosacea:. 

Leaves  . 

Once  found  at  Mudon 
(Amherst). 

(n)  Loquat. 

Beetles 

(6)  Apple. 

Shoots    . 

Eat  up  the  shoots  and  two  or 
three  trees  do  not  bear 
fruits  at  Maymyo. 

Borer 

Stem  and  Branch     . 

Found  very  serious  at 
Taunggyi  ;     could    not    be 

Woolly  Aphid 

Roots  and  Stems    -. 

Found    pretty     serious    at 
Taunggyi. 
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23.— LIST  OF  THE  PESTS  OF  FRUIT-TREES  (INCLUDING 
PALMS)  IN  BVRMA—contd. 


Pest 

Part    of    the    Plant 
attacked 

Remakes 

(c)  Pear. 

■ 

Chatothcus  fcrrugineus  dorsalis 

Fruit     . 

Very  serious  at  Maymyo. 

Aphids  .         .      ■   . 

Shoots    . 

Found  once  at  Taunggyi. 

(d)  Peach. 

Ajicmahi  idUido.ipila 

Fruit 

Once  found  at  Maymyo  ;  not 

Pfinillin   ietv 

Do. 

Ditto. 

jrvpitita  jtm      .... 
Popilliahisteroidea 

Do. 

Ditto. 

PopilUa  complaiiata 

Do. 

Ditto 

Nodimrufipes 

Do. 

Ditto. 

Beetles  ?         .          .         .         . 

Do. 

Ditto. 

Chalodacusferrvgineus      . 

Do. 

Very  serious. 

Chcutodncus  tuberculatus     . 

Do. 

Ditto. 

Aphids 

Leaves ( 

?ucking)      . 

Sometimes  very  serious. 

0.    COMBRETACB^. 

Country  Almond. 

Trabala  vishnu 

Leaves  . 

Not  serious. 

Adoretus  nitidus 

Dp.       .         .         . 

Minor     pest ;     rarely     proves 

7.  Myetace^. 

(a)  Guava. 

Caccccia  micaceana  . 

Leaves  . 

Not  serious. 

Chrysomela  democratica     . 

Do.       . 

Probably  not  serious. 

Chcetodacus  ferrugineus    . 

Fruit      . 

Very  serious. 

Scale  insects  (Sucking)      . 

Leave.s,  shoots 

Minor  pest. 

Mealy  Bugs  (Sucking)       . 

Do. 

Not  yet  found  serious. 
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23,— LIST  OF  THE  PESTS  OF  FRUIT-TREES  (INCLUDING 
PALMS)  IN  BVmiA—contd. 


Pest 

Part    of    the    Plant 
attacked 

Remakks 

8.  Anonace^. 

(a)  Custard  Apple. 

The  Red  Borer  (Zeuzera)  . 

Stem  and  Branch     . 

Getting  serious  in  the  Prome 
District. 

Mealybugs     .... 

Fruits    . 

Minor  pest. 

(6)  Cherrimoya. 

Aristobia  approximaior      . 

Stem  and  Branch     . 

Proved  serious  at  Taunggyi. 

9.    RUBIACE^. 

Coffee. 

Scale  insects  (sucking) 

Shoots,  leaves 

Minor  pest ;  found  at  May- 
myo. 

10.  Ukticace.e. 

(a)  Fig. 

Phycodes  minor 

Leaves 

Minor  pest. 

Rhylidodera  robusta 

Stem  and  Branch     . 

Proved  serious  at  Maymyo  in 
one  garden  ;  killed  all  trees. 

Borer  ? 

Do. 

Another  species  found  in  the 
same  garden  at  Maymyo. 

(b)  Mulberry. 

Glyphodes  pyloalis    . 

Leaves   . 

Found  at  Maymyo  ;  not  seri- 

Amsacta  caterpillars 

Do.       . 

Found  at  Lashio ;  the  pest 
could  not  be  identi6ed  as 
the  caterpillars  died  at 
Mandalay. 

Borer  ? 

Stem      . 

Found  at  Taunggyi ;  could  not 
be  identified  as  the  collected 
borers  died  before  pupation. 
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23.— LIST  OF  THE  PESTS  OF  FRUIT-TREES  (INCLUDING 
PALMS)  IN  BURMA— cor)c7rf. 


Pest 

Part  of  the  Plant 
attacked 

REMAEK.S 

11.    SciTAMISEa:. 

Plantain. 

Small  beetles  .... 

Leaves  . 

Minor  pest  but  not  serious. 

Odoiporiis  longicolUs 

Stem      . 

Serious  in  some  places. 

Borer  ? 

Do.       . 

Found  for  the  first  time  at 
Hmawbi  in  1918. 

ChcTlodacus  dlcersiis 

Fruit      . 

Found  only  once  at  Mandalay. 

12.  Malv.^ce^. 

Diirian. 

Borer  ?            .... 

Stem  and  Branch     . 

Getting  serious  at  Moulmein.. 

13.    GuTTIFERa;. 

Mangosteen. 

Minute  Beetles 

Stem  and  Branch     . 

May  prove  serious  in  the 
course  of  time. 

14.  Palme.^. 

(n)  Coconnt  Palm. 

Onjcles  rhinoceros      . 

Bud,  Stem       . 

Major     pest ;     also     attacks 
Palmyra. 

Eliyncophorns  ferrugineus 

Stem      .         .         . 

Found  for  the  first  time  inside 
the  rotten  top  of  a  dead  tree 
atPyinmanain  1918.  About 
10  grubs  and  one  perfect. 
weevil  were  collected  ;  they 
were  along  with  the  grubs  of 
Oryctes  rhinoceros. 

Nephrinlis  serinopa  . 

Leaves  . 

Minor  pest  but  sometimes 
serious  to  coconut  and  toddy 
palms. 

Gangara  thy r sis 

Do.       . 

Reported  "serious"  in  Hen- 
7.ada. 

(6)  Date  Palm. 

Skipper           .... 

Leaves.         . 

Not  serious. 
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24.— COCCIDS  AFFECTING  FRUIT-TREES  IN  SOUTHERN  INDIA. 

Bif  T.  V.  Ramakrishna  Ayyar,  B.A.,  F.E.S.,  Acting  Government 
Entomologist,  Madras.  - 

It  is  generally  recognized  that  of  the  different  kinds  of  insects  that 
levy  their  toll  on  fruit-trees  the  members  of  the  group  C'occidce  o:  Scale 
insects  play  a  very  important  part.  This  is,  of  course,  not  recognized 
as  much  in  India  as  it  is  in  the  well-known  orchard  areas  of  the  world. 
In  California,  Australia,  South  Africa  and  the  Mediterranean  countries, 
which  are  the  foremost  places  where  fruit  crops  are  extensively  grown, 
individuals  of  this  family  of  insects  have  been  known  to  do  very  serious 
damage  and  bring  about  appreciable  loss  to  the  country.  Even  a  single 
species  such  as  the  '  San  Jose  Scale  "  or  the  •'  Oyster  Shell  Scale  "  has 
been  found  responsible  for  the  loss  of  thousands  of  pounds  worth  of 
fruits  every  year. 

In  India  on  the  other  hand,  although  conditions  of  fruit  growing  and 
the  consequent  chances  of  insect  infestation  have  not  advanced  to  any 
such  remarkable  degree,  within  the  last  decade  very  great  attention 
has  been  paid  by  land-owners  in  South  India  towards  the  extension  of 
the  area  under  different  kinds  of  fruit  crops.  It  is  a  common  sight 
now-a-days,  as  one  moves  in  a  railway  train,  to  find  numerous  young 
orchards  of  mango,  Citrus  and  other  fruit  crops  in  areas  which  were 
till  recently  barren  and  uncared  for.  This  fairly  rapid  extension  of  the 
area  under  fruit  allows  the  easy  dissemination  of  the  different  kinds  of 
insect  pests  and  especially  those  that  belong  to  the  group  of  Scale- 
insects.  Of  all  insects  which  have,  in  virtue  of  their  pecuUar  habits  and 
nature,  the  best  chances  of  easy  distribution  from  place  to  place  the 
Scale-insects  rank  very  high,  and  as  such  I  believe  it  may  help  prospective 
fruit-growers  to  have  some  idea  of  the  different  species  of  this  family 
that  they  are  likely  to  meet  with,  so  that  they  may  be  in  a  position  to 
take  prompt  measures  before  any  of  the  insects  assume  serious  propor- 
tions. I  have  therefore  attempted  in  this  brief  paper  to  note  down  the 
species  that  have  so  far  been  found  on  fruit  trees  of  different  kinds  in 
South  India,  either  as  important  or  as  minor  pests.  So  far,  only  a  few 
of  those  in  this  paper  are  really  serious  pests  ;  but  it  would  be  advantage- 
ous to  have  an  idea  of  what  are  the  species  found  on  the  plants,  so  that 
we  might  watch  the  progress  of  the  different  species.  The  species  have 
been  arranged  under  each  fruit  crop  found  in  South  India. 

Mango. 

Proportionate  to  its  importance  in  South  India  the  mango  tree  is 
subject  to  the  attentions  of  a  good  many  species  of  Coccidse.     However, 
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only  a  few  of  these  have  been  noted  to  do  appreciable  damage  now  and 
then. 

Chioiiaspis  vitis,  Green. 

Locality. — Very  common  in  South  India  especially  in  the  Mysore 
uplands. 

Habits. — Attacks  the  foliage.  Badly  infested  leaves  turn  into  a 
sickly  yellow  colour. 

Diaspis  baiberi,  Green. 

Locality. -^In  the  Northern  Circars,  Ceded  Districts  and  Tanjore. 

Habits. — Not  so  common  as  the  previous  species.  Often  found  on 
the  tender  shoots  and  leaf  stalks.  It  is  found  on  Loraiithus,  which  is  a 
j^lant  parasitic  on  mango  in  certain  tracts. 

Diaspis  rosce,  Bouche. 
Locality. — In  Bangalore.     Not  noted  before  from  India. 
Habits. — On  the  leaves  ;  it  has  also  been  noted  on  a  wild  plant. 

Diaspis  maiigiferw,  Green. 
Locality. — Vizagapatam  District. 
Habits. — Not  very  common. 

Aspidiotus  rossi,  Msk. 

Locality. — Godavari  and  Coimbatore  Districts. 

Habits. — The  dark  common  oval  scales  are  generally  found  in  patches 
•on  the  leaves  near  the  stalk.  Has  been  found  on  Carissa  Carandas 
also. 

Aspidiotus ficus,  Ashmead. 

Locality. — Noted  in  the  Ceded  Districts,  along  the  West  Coast,  the 
Nilgiris,  and  Coimbatore. 

Habits. — The  purplish-black  scales  are  easily  made  out  on  the  infested 
leaves.     Attacks  also  Citrus,  Eugenia  and  Pandanus. 

Aspidiotus  trilobitiformis.  Green. 
Locality. — Northern  Circars,  Coimbatore,  Malabar. 
Habits. — Though  not  recorded  before  from  India  it  has  been  found 
on  two  other  plants  besides  mango — Ixora  and  Miimisops. 

Pulvinaria  psidii,  Msk. 
Locality. — Found  all  over  the  Presidency. 

Habits. — This  is  one  of  the  bad  fruit  pests  of  South  India  (see  under 
euava). 
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Ceroplastes  actiniformis,  Green. 
Locality. — Godavari,  Ceded  Districts,  Coimbatore  aud  South  Kaaara. 
Habits. — Besides  mango,  the  scale    has    been    noted    on    coconut, 
Vanna,  Ficiis,  and  CalophyUum  in  South  India. 

Ceroplastes  riibens,  Msk. 
Locality. — Ganjam  District. 

Habits. — Has  been  noted  on  jak,   CalophyUum,  Cycas,  and  cashew 
elsewhere  in  South  India. 

Vinsonia  stellifera,  Westw. 
Locality. — Coimbatore. 
Habits. — Of  minor  importance  on  mango. 

Lecanium  adersi,  Newst. 
Locality. — Coimbatore. 
Habits. — Occasionally  pretty  bad  on  the  foliage. 

Lecanium  discrepans.  Green. 
Locality. — Godavari  District. 

Habits. — This  insect  is  a  new  record  from  India.     Ants  of  the  genus 
Cremastogaster  generally  visit  the  scales  in  numbers. 

-  Lecanium  acutissimum,  Green. 
Locality. — Coimbatore. 
Habits. — Very  rare  on  mango. 

Phenacoccits  iceryoides,  Green. 
LocaHty. — Coimbatore  and  Northern  Circars. 

Habits. — It  is  often  bad  on  mango — the  white  mealy  masses  covering 
the  shoots,  leaves  and  fruits. 

Phenacoccus  ballardi,  Newstead. 
Locality. — Coimbatore. 

Habits.— YeTj  much  like  Phenacoccus  iceryoides,    Green,    but   not 
found  in  such  numbers.  ^ 

Phena:occus  mangifercB,  Green. 
Locality. — Coimbatore. 
Habits. — Not  very  common.     This  is  the  first  record  from  India. 
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Tachardia  lacca,  Kerr. 
Locality. — Saidapet,  Madras. 

Habits. — Only  on  one  occasion  was  this  noted  and  that  not  in  large 
numbers. 


This  plant,  although  subject  to  the. attacks  of  only  a  few  Coccids, 
-often  suiTers  considerably  from  one  or  two  species. 

Pulvinaria  psidii,  Msk. 

Locality. — This  is  found  all  over  the  country. 

Habits — It  is  very  often  found  doing  consideiable  damage  to  guava 
trees.  The  leaves  of  badly-infested  trees  present  a  dark  blighted 
appearance. 

Lecanium  hemisphcericuni,  Targ. 
Locality. — Coimbatore  District. 

Habits. — Though  this  is  a  specific  bad  pest  of  coffee,  I  have  noted 
it  causing  appreciable  damage  to  guava. 

Mytilaspis  pallida,  Green. 
Locality. — Godavari  District. 
Habits. — Very  rare.     Noted  only  once  and  that  a-s  a  minor  insect. 

Orange,  Lemon,  Pomelo,  etc. 

So  far  as  known  there  are  not  as  many  Scale-insects  affecting  the 
Citrus  trees  in  Southern  India  as  one  may  be  expected  to  find,  judging 
from  the  conditions  in  other  Citrus-growing  countries.  I  have  not 
yet  come  across  the  well-known  "  Orange  Scale  "  (Aspidiotus  aurantii, 
Msk.)  on  Citrus  trees,  although  the  species  is  not  absent  in  South  India. 

Aspidiotus  ficus,  Ash. 
Locality. — Malabar  and  Nilgiris. 
Habits. — Occasionally  bad. 

Parlatoria  ziziphus,  Lucas. 
Locality  — Coimbatore. 

Habits. — Earely  found.  Another  species  of  Parlatoria  is  also  found 
on  CilrMS  in  the  Mysore  uplands. 
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Lecanium  viride.  Green. 
Locality. — On  the  Nilgiris  and  the  Mysore  uplands. 
Habits. — This  is  the  notorious  "  green  bug  "  of  coffee,  and  often  it 
■affects  Citrus  foliage  badly. 

Lecanium  hesperidum,  L. 
Locality. — Godavari  District. 
Habits. — The  long  soft  scales  are  found  chiefly  on  the  shoots. 

Phenacoccus  iceryoides,  Green. 
Locality. — Godavari  District. 

Habits. — Pretty  bad  on  Citrus  as  it  is  on  mango  in  the  Northern 
Circars. 

Pseudococcus  corymbatus,  (jtreen. 
Locality. — Godavari  District. 

Habits. — The  insect  is  found  in  large  mealy  masses  on  the  shoots  of 
"the  plant  and  is  as  bad  as  Phenacoccus  iceryoides,  Green. 

Plantain. 

Only  about  half  a  dozen  species  have  been  noted  on  plantain  and 
■so  far  not  one  of  them  has  appeared  in  pest  form. 

Aspidiotus  orientalis,  Newst. 
Lccality. — Coimbatore. 

Aspidiotus  cyanophylli.  Sign. 
Locality.— l^Wgms,  2,000  feet. 

Lecanium  signiferum,  Green. 
Locality. — Vizagapatam  District. 

Lecanium  discrepans,  Green. 
Locality.— QfO(ia,va,T:\  District,  on  the  plantain  fruits  and  fruit-stalks. 

Lecanium  depressum,  Targ. 
Locality. — Coimbatore. 

Pomegranate. 

I  have  only  noted  two  Coccids  so  far  on  this  fruit  plant  and  of  the 
two  only  one  of  them  can  to  a  slight  extent  be  considered  as  a  pest. 


606  I'EOCiiEDINGS    OF    THE    THIRD    ENTOMOLOGICAL    MEETING 

Pseudococcus  crotonis,  Green. 
Locality. — Coimbatore. 

Habits. — Found  on  the  stalk  and  crown  of  the  fruits.  Often  the 
latter  portion  is  eaten  away  by  the  mealy-bugs. 

Hemichianaspis  thece,  Mask. 
Locality. — Coimbatore. 
Remarks. — Very  unimportant  as  a  pest. 

Grape. 

Aspidiotus  cydonicE,  Comst. 
Locality. — Bangalore  and  Coimbatore. 

Habits. — Found  often  bad  on  the  main  vines  and  shoots.  Greatly 
weakens  the  vigorous  growth  of  the  vines.  Appears  to  be  an  imported 
Australian  species. 

Lecanium  nigrum,  Niet. 
Locality. — Coimbatore. 
Habits. — Found  on  young  leaves.     Not  serious. 

Pulvinaria    sp. 
Locality. — Krishnagiri,  Salem. 

Habits. — Although  it  was  made  out  to  be  a  Pulvinaria  the  material 
was  not  sufficient  to  identify  the  correct  species. 

Fig.- 

Cultivated  fig  harbours  two  Coccids  both  of  which  do  ^ome  damage 
to  the  fruits. 

Aspidiotus  cydonice,  Comst. 
Locality. — Coimbatore.  ^ 

Habits. — Found  on  the  fruit-stalks  as  in  pomegranate. 

Pseudococcus  crotonis,  Green. 
Locality. — Coimbatore. 
Habits. — On  fruit-stalks  and  stem  and  roots  just  under  the  soil. 


I  have  not  yet  noted  any  Scale  on  the  apple-plant  in  South  India, 
ilthough  it  is  not  unlikely  such  may  be  found. 
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Pear. 

Asjiidiotus  cydonice,  Comst. 
Locality. — Bangalore. 
Habits. — On  shoots  and  frnit-stalks  as  in  fig. 

Peach. 

Aspidiotus  latanicB,  Sign. 
Locality. — Coonoor   (Nilgiris  5,00u  feet).     Noted   by  Andrewes. 
have  not  observed  this  insect  on  peach  myself. 

Sapota. 
Pseitdococciis  crotoni.s  ?  Green. 
Locality. — Coimbatore. 

Habits. — The  tender  shoots  are  often  badly  infested  by  colonies  of 
this  mealy-bug  and  ants  visit  them  in  numbers. 

Jameolan    {Eugenia   jan,holana).  " 
Aspidiotus  destructor,  Sign. 
Locality. — Maddur,  Mysore. 
Habits. — Sometimes  the  leaves  are  badly  infested. 

Aspidiotus  ficus,  Ash. 
Locally. — Maddur,  Mysore. 
Habits. — Found  along  with  Aspidiotus  destructor,  Sign. 

Rose    apple     {Eugenia    janibos). 
Vinsonia  steUifera,  WestAV. 
Loccdiiy. — Godavari  District. 

Habits. — Pretty  common.     Found  chiefly  on  the  under-surface  of 
the  leaves.     However,  not  a  serious  pest. 

Custard  apple. 
Pseudococcus  virgatus,  Ckll. 
Locality. — Coimbatore  and  other  places. 

Habits. — A  pretty  bad  pest.     It  is  often  found  covering  the  shoots 
and  the  surface  of  the  fruits. 

VOL.  II  N 


608        n!0CEti)ixGS  of  the  ttiiud  entomologicai.  meeting 
Pine-apple. 
PseudococcKS  bromelice,  Boiich.. 
Locality. — Taliparamba,  Malahar. 

Habits. — Within  the  leaf  sheaths.  The  specie.s  looks  like  P.  longi- 
spinus,.  Targ.,  but  I  am  not  certain.  The  material  is  with  Mr.  Green  for 
identification. 

BiLWA  {Mijlc  marmelos). 
Lecanium  viride,  Green. 
Locality. — Coimbatore. 
Habits. — I  fonnd  it  pretty  bad  on  young  plants. 

Cashew  {Anacardium).' 
Ceroplastes  floridensis,  Comst. 
.      Locality. — Bangalore. 

Habits. — Notfoimdin  numbers. 

Country  almond  (Terminalin  catappa). 
Lecanium  nigrum,  Niet. 
Locality. — Kollegal,  Coimbatore. 
Habits. — Often  bad  on  the  foliage. 

Jak. 

There  are  over  half-a-dozen  species  noted  on  this  tree  bu':  only  one 
or  two  of  the  mealy-bugs  often  prove  destructive. 

Hemichionaspis  aspidistra;,  Sign. 
Locality. — Mysore  uplands. 
Remarks. — Not  a  pest. 

Aspidiotus  triglandulosus,  Green. 
Locality. — Bangalore. 
Remarks. — ^Not  very  common. 

Parlatoria  artocarpi,  Green. 
Locality. — Periaghat,  Western  Ghats. 
Remarks. — Not  a  pest. 
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Parlaioria  (Websteriella)  papillosa,  Green. 
Locality. — Palghat,  Malabar. 
Habits. — Not  found  in  numbers. 


Ceroplastes  riibens,  Mask. 
Localitii. — Ganjam  District. 
Habits. — Only  a  few  isolated  scales  found. 

Pseudococciis  corymbatus.   Green. 
Locality. — Malabar  District. 

Habits. — Often  bad  on  the  tender  shoots  and  fruits  and  visited  by 
the  red  ant  in  numbers. 

Icerya  cegyptiacajDougl. 
Locality. — Kallar,  Nilgiris. 
Habits. — Bad  on  the  leaves,  shoots  and  tender  fruits. 

Bread  fruit  tree. 
Icerya  cegyptiaca,  Dougl. 


Locality. — Vadanapalli,  South 

Habits. — Pretty  bad  on  leaves  and  shoots. 

Ber  {Zizyplius). 
Ceroplastodes  cajani,  Mask. 
ioca/tVy.^Coimbatore. 

Habits. — Found  as  whitish  glassy  masses  on  the  distal  shoots.     Not  a 
serious  pest. 

Mulberry. 
Lecanium  nigrum,  Neitn. 
Locality. — Coimbatore. 
Habits. — Bad  on  isolated  plants  occasionally. 

•     Pidvinaria  maxima,  Green. 
Locality. — Coimbatore. 
Habits. — Found  rarely. 

n2 
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25.—TUKRA  DISEASE  OF  MULBERRY. 

(Plate  98). 
By  C.   S.   MiSRA,   B.A.,   First  Assistant  to  the  Imperial  Entomologist. 

(1)  Dadylopius  hromelice,  Bouclie.,  Naturgesiclit,  1834,  p.  20. 

(2)  D.  hromelice,  Signoret,  Annales  de  la  Soc.  Ent.  de  France,  De 

cember,  1874,  p.  310. 

(3)  D.  bromeliw,  Ind.  Mus.  Notes,  Vol.  Ill,  No.  5,  p.  51,  fig.  52. 

(4)  D.  hromelice,  Boiiche  ;  C.  S.  Misra — The  Tulcra  Disease  of  Mul- 

berry.    A  Report  on   the   Silk   Industry  in   India   by  H. 
Maxwell- Lefroy  (1915). 

(5)  Pkenacoccus  Tiirsutus,   Green.     Mem.  Dept.   Agric.   Ind..  Entl. 

Series,  Vol.  II,  No.  2,  April  1908,  p.  25,  Plate  II,  fig.  1. 

The  disease  locally  known  as  "  Tukra  "  in  Bengal  is  caused  by  Pkena- 
coccus hirsidus.  Green.  Hitherto  it  was  thought  that  the  cause  of  the 
disease  was  Dactylopius  hromelice,  Bouche.  But  early  in  July  last  year  ' 
(1918)  specimens  were  sent  to  Mr.  E.  E.  Green  and  he  has  now  identified 
the  Mealy-tugs  causing  the  Tukra  disease  as  Pkenacoccus  kirsutus.  Green. 
The  disease  was  noticed  for  the  first  time  by  me  at  Pusa  early  in  1908, 
but  with  the  pressure  of  other  work  further  investigations  regarding 
the  cause  of  the  disease  could  not  be  taken  up.  In  April  1909,  when  I 
visited  the  Babulbona  nurseries  in  the  Murshidabad  district,  my  atten- 
tion was  drawn  to  the  damage  done  to  the  bush  mulberry  plantations 
in  the  nursery  compound.  The  mealy-bug  was  so  bad  that  hardly  a 
plant  was  free  from  it  in  the  nursery  plantations,  and  Mr.  A.  C.  Ghosh, 
Superintendent  of  the  Babulbona  nurseries  informed  me  that  the  disease 
was  very  widespread  in  the  interior  of  the  district,  and  m  cousecjuence 
I  visited  some  of  the  villages  in  the  neighbourhood  of  Murshidabad  and 
found  the  disease  very  bad  in  a  large  number  of  bush  mulberry  fields. 
In  some  places  the  disease  was  so  bad  that  there  were  hardly  any  green 
succulent  leaves  on  the  plants.  All  that  was  present  on  them  were  the 
hard,  compact,  malformed  shoots  in  which  the  leaves  had  turned  dis- 
•  tinctly  coppery-green  or  pale-yellow.  The  apical  leaves  forming  the 
malformed  heads  had  become  so  crisp  that  it  was  hardly  possible  to 
examine  them  without  breaking  them.  Later  on,  a  large  number  of 
stiay  bush  mulberry  plants — the  remnants  of  a  former  roadside  planta- 
tion at  Pusa— were  found  to  be  severely  affected  with  the  disease  and 
on  examination  were  found  to  be  infested  with  the  nymphs  and  adults 
of  P.  kirsutus,  Gr.,  in  every  stage  of  development.  These  plants  were 
kept  under  observation  until,  early  in  1916.  specimens  were  obtained 
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lUOCEKDINGS    OF    THE    THIRD    ENTOMOLOGICAL    MEETING  611 

from  Ramnagar  ia  tlie  Mursliidabad  district  to  compare  them  with  those 
found  at  Pusa.  The  two  sets  of  specimens  were  sent  last  year  for  identi- 
fication and  both  were  declared  to  be  the  same  species,  Phenacoccus 
hirsutus,  Gr.  The  disease  is  known  asTuhra,  Koha,  Thopnd  and  Topor 
in  Bengal  {vide  letter  from  Mr.  A.  C.  Ghosh,  Superintendent  of  Sericul- 
ture, Bengal,  dated  the  16th  December  1918).  The  local  names  are 
symbolic  of  the  malformation  caused  to  the  leaves  and  shoots  by  the 
mealy-bugs.  The  disease  has  hitherto  been  noticed  by  me  at  Pusa  and 
the  silk-growing  districts  of  Bengal,  Murshidabad,  Malda  and  Bankura. 
But  it  is  possible  that  it  is  more  or  less  present  in  some  of  the  other 
mulberry-silk -producing  districts  of  the  country.  The  disease  is  so  promi- 
nent and  characteristic,  that  once  seen  it  cannot  soon  be  forgotten.  The 
shoots  of  the  affected  plants  first  turn  coppery-green,  then  pale -yellow 
and  ultimately  become  so  hard  and  compact  that  it  is  not  possible  to 
ojDen  them  without  breaking  away  the  crisp  leaves.  With  the  appearance 
of  the  malformed  shoots  the  lower  lateral  leaves  become  seared  and  fall 
off  prematurely.  In  cases  of  severe  attack,  there  may  be  seen  nothing 
but  the  bare  stems  of  plants  standing  in  the  field.  The  apical  leaves, 
if  they  do  not  turn  pale-yellow,  become  so  crisp  and  devoid  of  nutrient 
constituents,  that  they  become  unfit  to  be  served  to  Bombyx  mori  cater- 
pillars. In  some  years  the  disease  is  very  widespread  and  considerable 
damage  is  done  to  the  leaf-crop,  and  in  such  years  there  is  heavy  loss  to 
the  cultivators  who  take  to  leaf  cultivation  and  supply.  The  disease 
seems  to  have  obtained  a  permanent  footing  in  mulberry-silk -producing 
districts  in  Bengal  for  the  reason  that  the  remedies  hitherto  adopted  for 
eradicating  the  pest  are  to  collect  the  affected  shoots  and  to  throw 
them  outside  the  infested  fields,  in  a  ditch  or  a  pool 'of  water  close  by. 
The  nymphs  as  well  as  the  mature  females  crawl  over  from  these  and 
again  infest  the  succeeding  crop.  In  this  way  the  pest  runs  on  its  course 
uninterruptedly.  Besides  this,  the  nymphs  as  well  as  the  gravid  females 
are  blo-mi  away  by  the  wind  with  the  fallen  leaves  and  these  have  been 
found  to  lie  buried  m  a  pit  close  by  the  infested  fields.  As  soon  as  the 
winter  is  over,  the  eggs  hatch  and  the  nymphs  walk  over  long  distances, 
ultimately  reaching  their  favourite  foodplants,  the  cotton  or  the  mulberry. 
The  eggs  and  nymphs  have  also  been  observed  to  be  transported  to  new 
places  by  means  of  the  n)^mphs  and  females  of  Pseudococcus  virgatus, 
Ckll.,  as  well  as  other  insects.  During  the  winter  the  matured  females 
move  down  and  establish  themselves  in  leaf-scars,  under  bark  and  notches 
on  the  stem.  There  they  remain  quietly  ensconced  until  the  winter 
is  over,  when  they  again  move  up  the  plant  and  establish  themselves, 
preferably  on  the  shoots,  thereby  producing  the  characteristic  malforma- 
tion   known  as   Tuha   or   Kohra  of  Mulberry. 
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The  nyniplis  as  -well  as  the  females  prefer  to  feed  on  the  tender  apical 

leaves  of  mulberry  plants.     In  order  to  determine  when  and  how  the 

malformation  of  the  mulberry  shoots  was  caused  a  newly-hatched  nymph 

was  taken  and  put  on  a  healthy  growing  bush-mulberry  cutting  in  a 

pot.    The  nymph  was  transferred  on  the  plant  on  4th  September  1916  and 

on  12th  September  1916  the  place  where  the  nymph  had  fixed  itself  to 

feed  in  the  axil  of  a  leaf  had  turned  deep  coppery-green  and  the  stem 

flattened  out  laterally.     Soon  after  the  presence  of  the  nymph  on  the 

plant  could  be  known  easily  by  the  presence  of  the  ant,  Monomorivm 

indicum.    The  ants  attend  upon  the  nymphs  and  the  maturing  females 

for  the  sake  of  the  honey-dew.     They  have  not  been  seen  to  attend 

upon  the  full-grown  male  nymphs  prior  to  their  pupation.     They  have 

also  not  been  seen  to  attend  upon  the  gravid  females  when  they  have 

begun  laying  eggs  and  are  covered  with  fine,  whitish  cretaceous  threads. 

eispecially  towards    the    pygidial  end.     On  the  18th  September  1916 

the  leaves  had  curled  distinctly  and  had  turned  deep  coppery-green. 

The  characteristic  malformed  head  was  formed  and  the  leaves  forming 

these  had  changed  colour  and  had  become  firm  and  crisp.    The  following 

day  one  or  'two  patches  of  the  mulberry  mildew,  PJiylladinea  corylea, 

were  visible  on  the  leaves.     The  plant  on  to  which  the  nymphs  were 

transferred  had  remained  immune  from  the  attack  of  the  fungus,  along 

with  another  plant  potted  at  about  the  same  time  as  this,  but  now  began 

to  show  traces  of  the  presence  of  the  mildew.     It  was  just  possible. 

because  the  vitality  of  the  plant  was  lowered  by  the  undue  draining" 

away  of  the  sap  which  would  have  gone  ordinarily  to  the  development 

and  maturing  of  the  plant,  that  the  mildew  appeared.  _  The  other  plant 

was  also  unfortunately  utilized  for  marking  the  development  of  the  apical 

malformation,  otherwise  if  it  had  been  kept  separate  it  would  have  served 

well  for  comparison.     On  the  23rd  September  1916  I  talked  this  over 

with  Dr.  E.  J;  Butler,  Imperial  Mycologist,  Pusa,  and  he  very  kindly 

gave  me  access  to  literature*  belonging  to  him,  wherein  it  was  recorded 

that  the  plants  at  first  immune  from  the  attack  of  a  fungus  fell  a  victim 

to  it  as  soon  as  they  became  infested  with  tAphididse. .   The  experience 

gained  by  me  was  very  much  similar  to  this.     Early  in  1909  when  the 

mulberry  leaf-mildew  was  very  prominent  on  a  few  plants- in  a  small 

plot  of  broad-leaved  mulberry  plants  in  the  compound  of  the  bungalow 

occupied  by  Mr.  H.  Maxwell-Lefroy,  I  found  a  large  number  of  grubs 

and  adults  of  Then  cincta,  feeding  voraciously  on  the  mildew  on  leaves. 

*  I.  On  Erysipjiis  graminis,  Dc.  and  its  adaptive  parasitism  within  the  genus  Bromvs 

Ernest  S.  Salmon,  F.L.S.,  (Annales  Mtjcologi,  Vol.  II,  Nos.  3  and  4,  1914,  pp.  24-25). 

2.  Cultural  experiments  with  "  Biologie  Forms  "   of  the  Erysiphaceoe Ernest 

S.  Salmon,  F.L.g.     {Phil.  Trans.  Boyul  Soc.  .London,  Series  B,  Vol.  197,  p.  112). 
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Tlie  grubs  were  specially  active  iu  devouring  the  fruiting  bodies  {ven- 
iJiecia)  of  the  fungus,  and  were  again  observed  in  numbers  during  Decem- 
ber 1912.  The  adult  beetles  have  been  found  to  devour  with  avidity  the 
nymphs  and  adults  of  the  Red  Spider,  Teiranychus  bioculatus,  especially 
bad  on  castor,  jute  and  Hibiscus  abehnoschus  at  Pusa.  The  sequence  of 
observations  was  : — 

4th  September  1916. — Nymphs  put  on  two  potted  bush-miilberi-y  plants.  (From 
cuttings  obtained  from  Malda). 

12th  September  1916. — Apical  leaves  turned  coppery-green  and  tlie  stem  flattened 
.out  laterally  (both  ways). 

14th  September  1916. — Leaves  became  curled,  malformation  of  shoot  apparent 

new. 
ISth  September  1916. — Leaves  curled  distinctly,  malformed  apical  head  became 

compact. 
19th  September  1916. — Mildew,  Phyllactinea  cqrylea,  visible  on  the  leaves  especially 

the  lower  ones. 

21st  September  1916. — The  leaves  became  dark  coppery-green  and  crisp. 

23rd  September  1916. — The  mildew,  Phyllactinea-  '.Tryha,  became  very  prominent 
and  spread  to  a  number  of  leaves  on  the  plant. 

4th  October  1916. — The  leaves  became  pale  yellow  and  fell  down. 

20th  October  1916.— The  growth  of  the  affected  plant  from  19th  September  to  19th 
October  1916  was  only  3J  inches.  Some  of  the  apical,  malformed  leaves 
became  pale  yellow  prematurely  and  fell  down.  The  lower  leaves  became 
covered  profusely  with  the  white  mildew. 

i\  apical  growth  of  the  plant  from  19th  September  to 
1  4J  inches  , 

Such  leaves,  if  served  to  Bomhyx  mori  caterpillars,  cause  Flacherie 
and  C4rasserie  in  the  worms  (vide  letter  from  Mr.  A.  C.  Ghosh,  Superin- 
tendent of  Sericulture,  Bengal).  The  apical  leaves  become  crisp  with  the 
presence  of  the  mealy-bugs  on  the  top  shoots  of  •plants  and  contain  very 
little  succulent  matter  iu  them.  It  is  no  wonder  if  worms  fed  on  such 
leaves  should  develop  Grasserie  and  Flacherie. 

At  Pusa  Phenacoccus  hirsutus  has  been  found  by  me  on  Monis  sjDp., 
cotton  and  on  potted  Ficus  religiosa  plants  kept  near  the  potted  mulberry- 
plants  to  stud.y  the  life-history  of  the  White-fly.  Close  to  the  potted 
mulberry-plants 'were  also  Eugenia  jambolana,  Ficus  glomerata,  sugar- 
cane, paddy  seedling,  and  Citrus  decumana  plants,  but  none  of  these  was 
found  affected.  Durmg  the  present  winter,  fully  matured  and  gravid 
female  P.  hirsutus  have  hibernated  on  Ficus  religiosa  plants  in  pots  and 
I  was  able  f  o  rear  one  complete  cycle  on  these  plants.  Late  in  October, 
when  Spalgius  epiv.s  caterpillars  appeared,  they  cleared  away  whole 
colonies  of  P.  hirsutus  on  the  potted  mulberry  as  well  as  on  Ficus  religiosa 
plantSi  On  mulberry  plants  in  pots  I  have  found  Pseudococctis  virgatus 
to  occur  along  with  P.  hirsutus,  but  the  nymphs  and  females  of  the 
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former  may  easily  be  distinguished  from  the  eggs,  njanphs  and  adults 
of  the  latter  by  the  following  prominent  characteristics  : — 

Pseiidococcus  virgatus,  Ckll. 
Egg,  pale  yellow,  ovoid  ;  nymph,  pale  yellow  with  a  pair  of  whitish 
caudal  setae  ;  female  stout,  thinly  covered  with  white  meal, 
with  a  pair  of  whitish  setae  at  caudal  end,  the  lateral  margins 
as  well  as  the  venter  covered  with  small,  white  hairs,  especially 
so  when  gravid  and  about  to  lay  eggs. 

Phenacoccus  Jiirsutus,  Green. 
Egg.  cylindrical,  bright  pink  with  one  end  suffused  with  bright  pink; 
nymph,  bright  pink,   thinly  covered  dorsally  with  a  thin 
whitish  meal  (in  some  cases  when  attended  by  ants  the  meal 
wears  off)  ;  adult  female  bright  deep  pink  with  a  light  fuscus 
tinge,  ovisac  of  whitish  felted  threads  which  envelop  the 
female  entirely.     The,  eggs  are  laid  touching  each  other  within 
the  cretaceous  white  ovisac. 
Besides  these,  the  presence  of  the  nymphs  and  adult  females  of 
Pseudococcus  virgatus  does  not  cause  the  crumpling  of  the  apical  leaves 
and  the  subsequent  malformation  of  the  apical  heads.     In  a  series  of 
experiments  conducted  with  the  nymphs  of  Pseudococcus  vkgatus,  along 
with  those  of  Phenacoccus  hirsutus,  to  find  the  malformation  of  leaves 
and  shoots  caused  by  the  two  mealy-bugs,  it  was  found  that  in  one  or 
two  instances  there  was  a  slight  cmmpling  of  the  leaves  caused  by  P. 
virgatus,  but  it  was  not  so  striking  as  the  curling  of  the  leaves  caused  by 
Phenacoccus  hirsutus  within  the  same  length  of  time.     li,   however, 
the  nymphs  and  fema'es  of  P.  virgatus  strayed  over  and  got  mixed  with 
the  nymphs  and  adult  females  of  P.  hirsutus,  they  could  be  separated 
easily  Tjy  their  colour  differences  as  well  as  by  the  presence  of  caudal 
setae.     The  case  was,  however,  different  when  P.  hirsutus  occurred  on 
cotton  along  with  P.  corymbatus  and  P.  virgatus.     In  such  a  case  as  this 
there  was  no  difficulty  in  first  separating  P.  hirsutus  from  P.  virgatus, 
and  then  differentiating  between  P.  hirsutus  and  P.  corymbatus.     To  do 
this  satisfactorily  some  experience  is  however  necessary.    The  two  mealy- 
bugs may,  however,  be  distinguished  on  the  plants  by  means  of  the 
following  superficit;!  u!\aracteristics.     To  do  the  differentiation  critically, 
the  specimens  must  first  go  through  the  usual  mounting  technique  and 
then  an  examination  of  their  pygidial  ends  will  give  characters  suffi- 
ciently distinct.     The  eggs  of  P.  hirsutus  lie  loosely  within  the  female 
ovisac  and  are  bright  pink  in  colour  with  one  end  suffused  with  scarlet. 
The  female  is  bright  pink  with  an  ovisac  consisting  of  white,   cotto  ny 
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threads.  In  the  case  of  P.  corymbalus  the  adult  female  is  dark  castaneous 
with  a  globular  cottony  ovisac  consisting  of  fine  white 'threads  enclosing 
the  eggs  which  are  chocolate-brown  in  colour,  suffused  at  one  end  with 
dark  castaneous. 

From  July  to  the  middle  of  October  1918  P.  conjmhalus  overran 
the  cotton  plots  to  such  an  extent  that  the  crop  was  damaged 
to  a  very  large  extent.  LikrP.  hirsutus,  it  also  produces  malformation 
•of  the  shoots  of  cotton  plants.  The  apical  leaves,  although  they  do  not 
turn  deep  coppery  green,  become  brittle  and  the  stems  swell  up.  The 
heads  become  hard  and  compact  and  the  affected  plants  are  thrown 
back  in  growth,  and  in  a  climate  like  Pusa  (which  is  not  a  typically  good 
place  for  cotton-growing)  the  initial  retarding  of  growth  of  plants  at  a 
time  when  their  growth  should  be  very  vigorous  tells  prejudicially  on  the 
cotton  outturn  later  on.  The  plants  are  unable  to  recoup  the  loss  and 
as  such  remain  stunted  in  growth.  The  flowering  is  also  retarded,  and, 
■coupled  with  the  damage  done  by  the  boUworms  {Earias-  fabia  and  E. 
insulana)  the  crop  may  to  all  practical  purposes  be  said  to  be  a  failure, 
and  the  present  season's  crop  (1918-19)  is  illustrative  of  the  damage  done 
by  P.  coryynhatus,  P.  hirsutus,  Machcerota  planitice  and  Eriophyes  sp. 
(gossypii  ?).  From  the  middle  of  October  onwards  P.  hirsutus  prepon- 
derates over  P.  corymbatus,  and,  if  an  examination  is  made,  it  will  be 
found  that  gravid  females  of  both  the  species  are  to  be  found  side  by  side 
of  each  other  on.  the  cotton  top-shoots.  During  July-September 
both  P.  hirsutus  and  P.  corymbatus  fall  a  prey  to  Eublemma  sp. 
(near  quadrilineata),  but  the  latter  is  much  aft'ected  by  Drosophilid 
flies  whose  cocoons  are  to  be  found  in  the  affected  top-shoot  in 
numbers. 

The  females  when  matured  remain  on  the  spot  on  which  they  had 
fixed  themselves  in  the  larval  stage.  Sometimes  they  change  their  places 
and  cluster  together  on  a  stem,  the  base  of  leaf-stalks,  or  the  axils  of 
leaves.  When  full-grown  they  are  bright  pink  in  colour  dorsally  as  well 
as  laterally,  covered  with  thin,  cretaceous,  white,  flocculent  threads. 
On  some  portions  of  the  plant  a  number  of  females  may  be  seen  laying 
eggs  side  by  side  of  each  other.  The  ovisac  consists  of  white  cottony 
threads  and  covers  up  the  female  with  eggs  completely.  The  ovisac 
on  account  of  its  milk-white  colour  becomes  a  prominent  object  against 
the  greenish  background  of  the  leaves,  or  the  rus.^et-brown  colour  of 
the  stems  or  the  russet-yellow  of  the  leaf-stalks,  and  as  such  can  be'easily 
spotted  and  collected.  The  female  lays  a  large  number  of  eggs  aird  in 
one  instance  the  number  of  eggs  was  found  to  be  232.  The  cretaceous 
white  ovisac,  if  removed  from  the  pygidial  end  of  the  female,  grows  again 
and  the  flocculent  material  covers  up  the  eggs.    The  female  if  disturbed 
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at  tlie  time  of  laying  eggs,  becomes  restive,  moves  about  for  a  time, 
settles  down  and  begins  laying  eggs.  If  again  disturbed  it  moves  about 
for  some  time  and  again  begins  laying  eggs.  From  close  observations 
made  for  a  full  year,  it  was  found  that  in  all  the  cycles  the  female  lays- 
eggs  which  take  from  5  to  8  days  to  hatch  according  to  the  time  of  the 
year. 

The  female  lays  bright  pinkish  eggs  which  remain  covered  within 
the  ovisac.  Each  egg  is  bright  pinkish,  suffused  at  one  end  with  bright- 
scarlet.  The  eggs  lie  loosely  within  the  ovisac  covered  with  whitish 
flocculent  threads  forming  the  ovisac.  Each  egg  is  0-36  to  039  mm, 
long  and  015  to  0-21  mm.  broad.  It  is  cylindrical,  rounded  at  both 
ends.  The  chorion  is  covered  thinly  with  meal  owing  to  its  being  covered 
with  the  flocculent  material  forming  the  ovisac. 

The  nymphs  on  hatching  move  about  the  plants.  They  generally 
gather  together  oQ  the  apices  of  branches,  the  leaf-stalks  or  the  tender 
stems  below  shoots.  They  are  gregarious  in  habits  and  their  presence 
is  known  easily  by  the  presence  of  the  ants  [Monomorium  indicum)  which 
attend  upon  them  for  the  sake  of  the  honey-dew.  In  this  case  it  was 
observed  that  the  amount  of  honey-dew  exuded  by  the  nymphs  was  not 
so  copious  as  to  cause  the  development  of  the  black  fungus  on  the  lower 
leaves.  When  full-fed  they  either  remain  at  the  same  place  of  feeding 
or  move  about  to  establi.sh  themselves  on  some  other  part  of  the  plant, 
and  here  too  their  presence  is  betrayed  by  the  ants  which  find  them  out 
soon.  The  male. nymphs  shift  their  places  and  have  been  observed  to 
collect  together  on  the  lower  surfaces  of  leaves,  preferably  near  the  midribs, 
leaf  scars  on  the  stems  and  branches,  any  cavities  or  holes  on  the  stem, 
or  the  lower  surface  of  malformed  leaves.  At  times  they  have  also  been 
seen  to  collect  together  near  the  gravid  females  and  so  near  their  ovisacs 
that  they  might  be  taken  to  have  pupated  under  the  female  ovisacs. 
Prior  to  pupation  the  nymphs  become  covered  with  their  whitish  silken 
threads  and  when  several  puparia  coalesce  together,  the  spot  looks  white 
with  the  flocculent  material  enclosing  the  puparia. 

A  fully-developed  female  before  laying  eggs  is  2-52  mm.  long  from 
apex  to  end  of  pygidial  lobe  and  2  70  mm.  from  apex  to  end  of  caudal 
setae,  greatest  breadth  over  abdomen  transversely  dorsally  is  1'47  to 
1  50  mm.,  greatest  breadth  over  cephalo-thorax  dorsally  is  111  mm. 
Body  deep  red,  antennae  and  legs  stramineous,  dorsum  covered  with 
thin  white  meal,  abdominal  segments  distinct  dorsally,  small  hairs  on 
the  perijjheral  margin,  pygidial  lobes  prominent,  each  with  a  seta,  and 
a  pair  of  thick  cretaceous  white  stump-shaped  threads  in  the  middle. 
(The  above  description  is  of  a  female  removed  from  an  affected  shoot  prior 
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to  laying  eggs,  floated  on  distilled  water  and  stifled  with. chloroform. 
It  was  not  treated  with  K  0  H). 

From  March  to  October,  each  complete  cycle  lasts  from  24  to  29  clays. 
Later  on,  with  the  advance  of  cold,  the  period  becomes  lengthened. 

The  bug  has  hitherto  been  seen  by  me  at  Pusa  on  mulberry,  cotton 
and  Ficus  religiosa.  If  a  close  search  be  made  it  will  be  found  to  be 
distributed  widely. 

The  nymphs  as  well  as  the  females  are  parasitized  by  three  species 
of  Chalcididae.  Of  the  three,  one  species  of  Chalcidid  parasitizes  the 
nymphs  very  largely,  so  much  so  that  numbers  of  parasitized  nymphs 
may  be  seen  on  the  infested  plants.  The  parasitized  nymph  swells  up, 
becomes  cylindrical  with  both  the  ends  swollen,  its  colour  turns  to  dirty 
yellow  and  it  resembles  a  cylinder  in  miniature  lying  loosely  either  in 
the  afiected  shoots  or  the  axils  of  leaves.  During  the  winter  this  parasite 
has  been  found  to  hibernate  in  the  pupal  stage  in  the  bodies  of  its  host 
which  has  segregated  itself  either  in  the  cracks  on  the  stem  or  curled-up 
leaves  where  a  number  of  females  have  congregated  to  pass  the  winter. 

Besides  the  three  species  of  Chalcididse  which  parasitizes  the  nymphs 
and  the  females,  a  Cecidomyiad  fly*  is  parasitic  upon  the  eggs,  the  nymphs 
and  the  gravid  females.  The  fly  lays  its  eggs  loosely  on  the  female  ovisac 
and  in  some  instances  eggs  were  found  amongst  the  eggs  in  the  ovisac. 
The  maggot  on  hatching  sucks  the  eggs  dry  and  pupates  within  the  ovisac. 
The  empty  eggshells  remain  within  the  ovisac  near  the  pupae  of  the  fly. 
In  several  cases  the  predaceous  maggots  were  seen  sucking  the  matured 
females.  The  maggot  fixes  itself  on  the  sternum  of  the  female  and 
inserts  its  rostral  setse-so  firmly  that  the  female  remains  squirming  or 
shaking  its  legs.  Only  in  a  few  cases  has  the  maggot  been  seen  attacking 
the  nymphs,  whose  shrivelled  bodies  were  found  interspersed  on  the 
pupte.  The  adult  Cecidomyiad  is  dark-pinkish  with  pale-stramineous 
legs  and  antennae  which  are  thinly  hairy.  The  female  is  more  robust 
than  the  male  and  may  be  distinguished  easily  from  the  male  on  account 
of  her  size  and  genitalia.  The  wings  are  clothed  with  small,  black  hairs 
and  the  first  tarsal  joint  is  very  small.  The  claws  to  tarsal  joints  are 
simple,  the  thorax  as  well  as  the  abdomen  is  thinly  hairy.  •  The  fly  is 
prominent  from  August  to  November  and  thereafter  hibernates  in  the 
pupal  stage  amidst  the  colonies  of  females  on  the  affected  shoots  but 
mostly  ui  the  rugosities  or  deep  cavities  on  the  stems. 

The  caterpillars  of  Eublemma  sp.  (near  quadrilineata)  are  also  pre- 
daceous on  the  nymphs  and  females.  They  devour  these  with  avidity 
and  their  pupae  are  found  in  the  midst  of  colonies  of  nymphs  and  females. 

■  *  This  fly   has   since  been   named  by  Professor  E.  P.  Felt  as  Diadiplosis  indka. — 
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These,  along  with  the  caterpillars  of  Spalgius  epiiis  clear  away  the 
colonies  on  mulberry  as  well  as,  on  Ficus  religiosa.  The  latter  appears 
late  but  is  very  effective  in  freeing  the  plant  of  its  pest.  In  one  instance 
a  single  Spcdgius  epius  caterpillar  was  observed  to  have  cleared  away  the 
colonics  of  the  mealy-bug  on  a  large-sized  mulberry  plant.  The  cater- 
pillar moves  about  quickly  from  branch  to  branch  devouring  the  nymphs 
as  well  as  the  females.  When  full-fed,  it  pupates  on  the  leaves  of  the 
infested  plant.  Hitherto  no  parasite  has  been  found  on  the  eggmasses 
or  on  the  adult  males  of  Phenacoccus  hirsutus. 

26.— A  NOTE   ON   OUR  PRESENT   KNOWLEDGE   OF   INDIAN 
THYSANOPTERA  AND   THEIR  ECONOMIC   IMPORTANCE. 

By  T.  V.  Ramakrishna  Ayyar,  B.A.,  F.E.S.,  F.Z.S.,  Actvng  Govern- 
ment Entomologist,  Madras. 

Though,  one  of  the  major  sub-divisions  into  which  the  great  class  of 
insects  is  divided,  the  Order  Thysanoptera  is  one  which  has  hardly 
received  any  serious  attention  till  now  from  Entomologists  in  India. 
■In  America  and  other  Western  countries  the  importance  of  some  of  the 
species  of  this  Order  has  been  realized  and  a  good  deal  of  work  has  been 
done  in  this  direction.  Some  of  the  well-known  j^ests  of  this  group  in 
western  countries  are  the  pear  thrips,  orange  thrips,  tobacco  thrips, 
wheat  thrips  and  so  on.  Though  many  of  the  forms  of  this  group  are 
found  in  flowers  and  are  apparently  harmless,  the  group  as  a  whole 
should  not  be  considered  so  harmless  as  we  are  often  led  to  believe.  I 
liave,  therefore,  attempted  in  this  note  briefly  to  review  our  knowledge 
of  Indian  forms  so  far  known  and  add  a  few  remarks  as  to  the  economic 
importance  of  the  group  as  a  whole  and  of  some  of  the  species  in  parti- 
cular. 

So  far  as  I  have  been  able  to  find  out  the  following  appear  to  be  the 
previous  records  of  Thysanoptera  from  India.  Uzel's  Monograph  of 
this  group,  which  was  published  In  1895  and  which  unfortunately  is 
in  the  Bohemian  language,  according  to  Lefroy  records  only  two  Indian 
species,  viz.,  Idolofkrips  Jialidayi,  Newm.,  and  Phtocothrips  anacardii, 
Newm.,  both  from  South  India. 

The  later  records  of  species  from  India  are  mostly  by  Bagnall.  This 
well-known  Thysanopterologist  has  described  the  following  species  up-to- 
date  so  far  as  I  know  : 

(1)  Panchcetothrips  indicits,  p.  237,  Records  of    the  Indian  Museum  VII,  1912 — on 

turmeric,  Madras. 

(2)  Heliothripsindicus,  p.  291,  Annals  and  Magazine  of  N.  H.  XII,  1913— on  onion, 

brinjal,  indigo,  etc.,  Bengal. 

(3)  Physolhrips    lefroyi,  p.  290,  Annals  and  Magazine  of  N.  H.  XII,  1913,  on  tea 

flowers,  Bengal. 


Ari'Jiciioffiripn  rciiidhrislntdc.  Hood,  on  Miiniisops 
cli'iif/i  leaves  ;  a.  eggs  ;  h.  young  ;  r.  winged  adult.  All 
figures  are  magnified  (16),  the  smaller  iigures  within  dotted 
lines  showing  the  natural  sizes. 


PROCEEDINGS    OF    THE   THIRD    ENTOMOLOGICAL    MEETING  C19 

(4)  Physolhrips  nsitalus,  p.  291,  Anvals  and  Magazine  of   N,  H.  XII,   1913— on 

flowers  of  Butea  frondosa,  Allahabad. 

(5)  Phoxothrips  breviceps,  p.  380,  Annals  and  Magazine  of    jV.  H.  XIV,  1914 on 

wild  plants,  Himalayas. 

(6)  Leeuwenia  indicns,  p.  377,  Annals  and  Magazine  of  N.    H.  XIV,  1914^— from 

Burma  ;  on  wUd  plants. 

(7)  Hindsiana  apicalis,  p.  323,  Annals  and  Magazine   of  .V.  H.  XV,  1915— Almora 

(North  India)  ;  on  wild  plants. 
(S)  Physoihrips  longiceps,  p.  221,  Annals  and  Magazine    of  X.  M.  XVII,  1916— on 
Rhododendron,  Garhwal  (North  India).  . 

(9)  Tceniothrips  major,  p.  216,  Annals  and  Magazine  of    N.  H.  XVII  I9l6 on 

Rhododendron,  Garhwal  (Himalayas). 

(10)  Aplinoiliripa  ruficornis  var.    connaicornis,  Uz.,  p.  205,  Annals  and  Magazine  of 

N.  H:  1918— on  tea  flowers,  Darjiling.  •* 

(11)  Haphlhrips  leniripennis,  p.  206,  Annals  and  Magazine  of  i\.  H.  1918— on  tea 

and  rose,  Darjiling. 

(12)  Phi/sollirips  seliventris,  p.  65,  Bulletin  of  Entomological  ResearcJi  IX,    1918— on 

tea  :  North  India. 

(13)  Physoihrips  brunneicornis,  p.  206,  Annals  and  Magazine  of    ^V.  //.  1918 on 

rose,  Darjiling. 

(14)  Physothrips  pecidiaris,   p.   206,     Annals  and  Magazine  of  N.  H.,    1918 on 

lucerne,  Pusa. 
In  1915,  my  specimens  of  Thrips  collected  on  paddy  from  Madurantakam  (Cliingleput) 
were  described  by  Mr.  Williams  in  the  Bulletin  of  Entomological  Research 
p.  353,  to  belong  to  a  species  of  Thrips  and  was. named  Thrips  (Bagnallia) 
oryza;  being  the  first  record  of  a  species  of  the  genus  Thrips  from  India. 

Eecently  I  forwarded  some  of  my  material  to  Mr.  Hood  of  the  United 
States  and  he  has  so  far  identified  the  following  new  forms  from  my  lot. 
The'descriptions  of  these  have  not  yet  appeared  in  print.  [Since  appeared 
in  Insecutor  Inscitice  Menstruus,  April  1919.] 

(1)  Arrhenothrips  ramakrishncB  (Plate  99).     On  Mimusops  elengi,  Coimbatore 

(2)  Bhipiphorothrips  cruentalus.     On  grape  vine  leaf,  Coimbatore. 

(3)  Scirtothrips  dorsalis.     On  chillies  and  castor  shoots,  Coimbatore. 
{^)  Xciiheegeria  indica.     On  ^t?an<Aw.s  shoots,  Coimbatore. 

(5)  Periss'otTirips  parviceps.     On  Ailanthus  shoots,  Coimbatore. 

The  above  appear  to  be  the  species  so  far  noted  from  India  till  now. 

Speaking  of  the  economic  side  of  Thysanoptera,  there  are  some  species 
which  are  really  very  injurious.  Thrips  orijzm  on  young  paddy  does 
considerable  damage  in  certain  seasons  in  different  parts  of  South  India 
There  are,  I  know,  one  or  two  species  of  Thrifts  {Physothips)  which  often 
give  a'  good  deal  of  trouble  in  the  tea  gardens,  as  Mr.  itndrews  will  be 
able  to  tell  us.  Tlie  turmeiic  thiips  {Pancluctothrips  indicvs,  Bgl.) 
is  sometimes  found  bad  also.  The  onion  crop  in  different  parts  of  the 
^  country  is  often  seriously  injured  by  Thrips  (Heliolhri2)s  indicns).  The 
one  on  Mimusops  (Arrhenothrips  ramakrishice)  is  very  serious  on  this 
garden  plant  in  Coimbatore.  The  leaves  are  twisted  and  galled  and  the 
plant  suffers  considerably.  The  grape-vine  Thrips  {Rhipij)horothrips 
cmentatum)  is  also  capable  of  doing  appreciable  harm  to  the  tender 
foliage  of  grape.  I  have  recently  noted  a  species  on  young  pepper 
leaves,  curhng  up  the  leaves,  and  the  species  appears  similar  to  one 
noted  on  pepper  in  Ceylon  {Gynaikothrips  kamyi,  Bgl.). 
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I  have  with  me  material  collected  on  indigo,  red  gram,  agatlii,  ground- 
nut, etc.,  some  of  which  have  occasionally  given  trouble.  Thrips  are 
generally  believed  to  be  harmless  although  there  is  no  foundation  for  this 
belief.  In  favourable  seasons  they  multiply  enormously  and  give  great 
trouble. 

So  my  idea  is  to  invite  your  attention  to  the  economic  aspect  of  the 
several  species  of  Thysanoptera  and  point  out  that  this  is  a  group  which 
is  well  worth  special  study  not  only  from  a  scientific  or  systematic  aspect, 
but  from  the  standpoint  of  Economic  Entomology  also.  There  is  plenty 
of  literature  on  foreign  species  by  Haliday,  Hood,  Moulton,  Bagnall,  etc., 
although  there  is  very,  very  little  on  Indian  forms. 

I  am  thinking  of  specializing  in  this  group  and  shall  be  glad  if  any 
collectors  will  send  me  in  material. 

Do  you  want  specimens  sent  in  spirit  ? 
Yes ;  that  will  do.  • 

Do  Thrips  do  daniage  in  the  Hills  or  Plains  ? 
Everywhere,  both  in  the  Hills  and  in  the  Plains. 

Thrips  are  very  common  everywhere  in  India  and  probably  do  much 
more  damage  than  lias  been  observed  so  far.  We  must  have  a  very 
large  number  of  species  but  they  have  not  been  collected  so  far.  At 
Pusa  we  get  a  very  handsome  species,  bright  crimson  and  green,  on  Ficiis 
about  December. 

Some  species  are  aquatic. 

Are  they  aquatic  in  the  real  sense  of  the  word  or  is  it  that  you  have 
found  them  sitting  on  the  surface  film  ? 

Probably  they  were  only  sittuig  on  the  surface  of  the  water. 

They  are  also  found  under  bark  and  in  old  posts. 

They  cluster  on  plants. 

I  have  tried  spraying  with  plain  water  and  that  is  quite  sufficient  to 
kill  them.    We  have  not  tried  this  on  a  large  scale. 

Water  may  work  in  some  cases,  but  not  in  all.  Thrips  on  tea  make 
the  leaves  curl  up  and  are  often  found  in  partially  opened  buds  and  are 
therefore  protected  and  in  such  cases  th«  only  spray  that  can  do  any 
good  should  be  very  volatile  so  that  the  fimies  can  get  inside  the  buds  and 
curled-up  leaves.  I  have  found  XEX  quite  good  as  a  spray.  Thrips  may 
occur  for  years  without  domg  any  damage  but,  if  the  plants  are  attacked 
by  another  insect  or  weakened  in  any  way,  then  the  Thrips  may  cause 
considerable  damage.  In  one  case  in  Cachar  I  noticed  in  one  year  that 
the  tea  was  very  badly  attacked  by  Red  Spider  and  in  this  case  it  did 
not  flush  but  after  some  time  it  started  growing  slowly  but  its  growth 
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was  checked  by  Thrips.  The  growth  in  the  Plains  is  more  rapid  than  in 
Darjiling  and  therefore  Thrips  do  not  do  so  much  damage  in  the  Plains. 
I  have  found  four  species  which  I  have  sent  to  Mr.  Bagnall.  Three  of 
these  have  been  named  and  the  fourth  is  still  unidentified.  This  un- 
identified species  is  the  one  that  got  into  this  checked  tea  and  hindered 
its  growth.  The  first  year  the  attack  was  severe.  The  second  year  it 
was  mild  and  the  third  year  it  did  not  affect  the  tea  much. 

The  three  named  species  are  Plvjsothrips  lefroyi,  Ph.  setiventris  (referred 
to  in  the  Eeport  of  our  1-iecond  Meeting  as  the   "Common  Thrips  "of 
tea),  and  Hcqylotlirips  tenuvpennis   (referred  to  as  the  "  Black  Thrips  "    • 
of  tea). 

In  Darjihug,  rose,  Hibiscus  and  most  other  flowers  are  crowded  with 
Thrips.     In  Jorhat  we  only  get  one  species  of  Thrips  on  flowers  of  rose. 

Thrips  do  more  damage  to  plants  when  the  growth  is  slow  and,  if  the 
growth  quickens,  they  are  thrown  off. 

The  life-histories  of  the  Common  Thrips  [Physotlirips  setiventris]  and 
of  the  Black  Thrips  [HaplotJmps  tenuipennis]  are  dift'erent  and  so  we  have 
to  use  dift'erent  sprays  and  different  methods  for  each.  The  pupae  of 
the  black  Thrips  are  found  amongst  lichens  covering  the  stems  of  the 
bushes  and  so,  by  removing  these  lichens,  you  kill  the  Thrips.  The 
pupae  of  the  common  Thrips  are  found  in  the  soil  and  are  very  diflacult 
to  get  at,  as  the  methods  applied  in  the  case  oFthe  black  Thrips  are  not 
suitable.  The  more  you  cultivate,  the  deeper  they  go.  If  you  cultivate 
as  far  down  as  eighteen  inches,  they  will  go  further  down  to  pupate. 
When  I  suggested  different  cures  to  different  planters  they  asked  me  why 
I  suggested  one  thing  to  one  man  and  a  different  thing  to  another  man, 
the  reason  being  these  differences  in  habits  of  distinct  species.  This 
proves  how  essential  it  is  to  know  the  species  and  its  life-history  and 
habits  before  suggesting  remedial  measures. 

Dr.  Butler's  experimental  plot  of  tur  suffered  very  badly  from  Thrips  Mr.  Misra. 
last  year. 

We  made  experiments  on  onion  Thrips  by  forcible  spraying  with  Mr.  Ramrao. 
water  but  found  that  this  was  of  no  use.  Crude-oil  emulsion  and  fish- 
oil  soap  could  not  kill  them  at  a  strength  of  one  pound  in  four  gallons 
of  water,  but  one-and-a-half  pounds  of  fish-oil  resin  soap  in  four  gallons 
of  water  kept  them  in  check.  We  had  a  species  of  Thrips  on  cabbage 
and  we  sprayed  it  with  this  mixture. 

Fish-oil  resin  soap  on  edible  cabbage  ?     How  could  you  do  it  ?     What  Mr.  Ramakrishna 
About  the  smell  ?  •  \  Ayyar. 

In  Baroda  we  had  Thrips  badly  attacking  lucerne.     We  tried  a  water  Mr.  Patel. 
Sfiaj  but  it  was  no  good.    We  then  appUed  the  followmg  measures  : — 
one  man  was  made  to  disturb  the  plants  and  another  following  him  with 


Ml.  Ramrao 
Vix.  Ghosh. 
Mr.  Andrews 


622  rSOCEEDINGS    OF   THE   THIRD   ENTOMOLOGICAL    MEETING 

burning  cowdimg  cakes  ia  a  pot ;  the  Thrips  jumped  into  this  and  more- 
than  seventy-five  per  cent,  were  thus  destroyed  by  the  smoke. 
What  about  the  larval  stages  ?     They  cannot  fly. 
But  they  can  jump  away,  although  without  wings. 
Thrips  can  jump  backwards  and  forwards  equally  easily. 
Mr.  Ramachandia         There  are  two  or  three  species  of  Thrips  in  Lantana  flowers.     One 
Rao.  species  is  useful  in  the  fertihzation  of  the  flowers.     I  conducted  experi- 

ments to  prove  this.     I  enclosed  some  flowers  in  paper  bags  and  removed 
all  the  Thrips  ;  there  were  very  few  seeds  in  such  flowers.     In  another 
lot  I  enclosed  Thrips  in  the  bags  and  all  these  flowers  formed  seeds. 
I  am  sure  that  some  Thrips  are  important  in  pollination. 
Mr.  Ramakrishna  It  has  been  recorded  that  Thrips  are  very  useful  in  pollination. 

Ayyar. 

27.— THE  METHODS  OF  CONTROL  OF  AGROTIS  YPSILON  IN 
BIHAR. 

By  H.  L.  DuTT,  M.Sc.  A.  {Cornell),  Officiating  Economic  Botanist,  Bihar 
and  Orissa. 

(I)  Cultural  MetJiod.  In  order  to  discuss  the  cultural  method  of 
its  control,  it  will  be  advisable  to  consider  the  character  of  the  soil  in 
the  chaur  land.  It  is  a  stiff  heavy  clay  and  cultivation  can  be  commenced 
on  it  ten  days  after  the  flood  water  has  left  the  land  ajid  can  be  continued 
from  fifteen  to  twenty  days,  after  which  it  is  so  hard  that  it  cannot  be 
ploughed.  Ordinarily  the  cultivation  consists  in  one  ploughing  followed 
by  dibbling  behind  the  second  plough  or  by  a  country  seed  drill,  depending 
on  the  moisture  in  the  soil.  The  fact  that  the  land  on  account  of  its 
gradual  slope  does  not  all  dry  simultaneously  enables  the  sowing  to  be 
carried  on  for  at  least  a  month,  although  some  land  is  generally  left  fallow 
every  year  owing  to  its  being  too  hard  to  plough. 

(o)  From  the  habit  of  the  caterpillar  it  is  reasonable  to  suppose  that 
if  the  land  is  properly  cultivated,  i.e.,  if  ploughed  four  or  five  times  before 
sowing,  as  in  high  land,  the  pulverized  condition  of  the  soil  would,  to 
some  extent,  check  the  activities  of  the  pest.  But  the  character  of  the 
soil,  as  noted  above,  does  not  allow  of  any  such  cultivation  unless,  of 
course,  the'number  of  ploiighs  working  on  the  whole  a^rea  is  considerably 
increased.  So,  as  a  general  control  method  for  the  whole  area,  it  is  not 
practicable,  since  15,000  to  20,000  bighas  have  to  be  finished  within  a 
month. 

(6)  There  is  another  system'of  sowing  common  in  the  lower  areas  of 
the  chaur,  viz.,  broad c^psting.  It  consists  in  scattering  the  seed  on  the 
land  immediately  after  the  water  has  left  it,  i.e.,  when  it  is  still  muddy. 
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It  has  been  seen  invariably  that  tlie  crop  on  a  broadcasted  area  is  less 
liable  to  damage  than  that  on  a  ploughed  area.  This  is  on  account  of 
the  fact  that  in  the  former,  the  surface  of  the  land  being  smooth  (with 
cracks  here  and  there)  does  not  give  as  good  facilities  for  locomotion 
and  hiding  to  the  caterpillar,  as  the  ploughed  land  with  its  surface  com- 
posed of  blocks  of  soil  of  all  sizes.  Broadcasted  areas  are  by  no  means 
immune  from  attack,  as  many  instances  are  known  of  their  being  damaged 
as  badly  as  other  areas.  But  its  greatest  drawback  is  that  the  outturn 
from  broadcasted  areas  is  very  poor  and  a  cultivator  takes  to  it  only 
when  there  is  no  other  way  of  taking  a  crop  on  the  area.  The  method 
cannot  therefore  be  generally  adopted. 

(c)  Nothing  can  be  done  to  prevent  Agrotis  attack  by  way  of  changing 
the  crop,  as  those  grown  in  the  chaur  (peas,  gram,  wheat,  masur,  khesari, 
mustard,  etc.)  are  all  acceptable  to  the  caterpillar,  although  «at  has  a 
decided  preference  for  the  first  three. 

(11)  Chemical  Method.  Considering  the  enormous  extent  of  the  area, 
chemical  methods  are  out  of  the  question.  Poison  baiting  was  tried  at 
Mokameh  in  1910  but  it  proved  useless  under  the  conditions  prevailing 
in  the  area. 

{Ill)  Mechanical.  As  a  result  of  the  last  eight  years  work  in  Bihar 
against  this  pest  it  has  been  seen  that  it  can  be  most  satisfactorily  con- 
trolled by  the  use  of  Andres  Maire  traps  against  the  parent  moths 
supplemented  by  handpicking  the  first  brood  caterpillais  on  higher  land. 
The  result  of  the  work  smce  1911  is  given  below. 


Year 

Locniity 

Extent    of 

damage 

durina  the 

year 

Normal 
extent    of 
damage 

Number  of 
traps  used 

Number  of 

moths  caught 

in  traps 

Number  of 
caterpiUars 
collected 

Bighas. 

Bighas. 

1911-12      . 

Slokameh      . 

5,000 

15,000 

2 

6,293 

62,699 

1912-13      . 

Do.     . 

100 

15,000 

25 

152,003 

107,4:<S) 

1913-14      . 

Do.     . 

3,700 

15,000 

35 

833,890 

43,005 

1914-15      . 

Do.     . 

2,000 

15,000 

34 

434,726 

1913-U      . 

Ghogha         . 

20 

6,000 

18 

45,465 

340,000 

1914-15      . 
1915-16      . 

Do. 
Do. 

200 
SO 

6,000 
6,000 

24 
56 

23,535 

(in  one  area) 

437,956 

143,745 
133,443 

1916-17      . 

Do. 

1917-18      . 

Do. 

400 

6,000 

54 

157,992 

470,196 

1918-19      . 

Do.            . 

86 

6.000 

54 

47,532. 

587,034 

{IV)  Destruction  of    Weed  Food-'playils.     It   has  been    noticed    at 
Ghogha  that  in  the  absence  of  any  crop  on  the  chaur  early  in  the    season, 
VOL.  II  o 
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the  caterpillar  feeds  on  a  weed  called  "  Agra  "  {Xanthium  strumarium). 
In  order  to  see  the  efEect  of  the  destruction  of  the  weed  on  the  first  brood 
of  caterpillars,  the  whole  area  in  question  at  Ghogha  was  completely 
freed  from  the  weed  in  1917-18.  But  the  result  of  the  experiment  was 
not  satisfactory.  The  first-brood  caterpillars  were  found,  in  the  absence 
of  the  weed,  on  tobacco,  kidtJii,  etc.,  on  higher  lands  surrounding  the, 
area.  Destruction  of  the  weed  food-plant  does  not  therefore  appear  to 
have  any  chance  of  keeping  the  pest  under  control. 

(V)  By  Parasites.  Under  field  conditions  the  caterpillar  has  several 
parasites  of  which  two  Braconids  are  more  in  evidence  than  the  Tachinids 
of  which  there  are  more  than  one.  Of  the  Braconids  again  one  is  more 
numerous  than  the  other.  These  parasites  are  first  observed  in  the 
field  in  October  when  the  percentage  of  parasitization  is  very  low  but  this 
however  gradually  increases  towards  the  end  of  the  season.  Ordinarily 
it  becomes  30  per  cent,  on  an  average  by  the  end  of  December  but  in  1918 
it  was  74  per  cent,  in  one  plot  at  Ghogha.  With  a  view  to  finding  out 
the  possibilities  of  the  parasite  against  Agrotis  attack  in  the  chaur  land, 
its  life-history  was  completely  worked  out  in  the  Insectary  at  Sabour 
in  1917-18.  The  idea  was  that  if  a  large  number  of  adult  para.sites  could 
be  liberated  in  the  normally  attacked  area  early  in  the  season,  they  would 
by  attacking  the  first  brood  caterpillar  make  the  second  or  the  destruc- 
tive brood  negligible.  As  regards  its  life-history,  it  has  been  found  out 
in  the  Insectary  that  in  January  to  February  the  length  of  its  egg  and 
larval  stages  is  25  days  and  the  pupal  stage  is  11  days — total  36  days. 
In  March  the  periods  are  17  days  and  8  days  respectively — total  25  days. 
In  April  the  length  of  the  egg  and  larval  stages  is  12  days  on]}^  It  goes 
into  sestivation  in  March  or  April  and  remains  as  a  grub  inside  the  cocoon. 
What  is  still  unknown  about  its  life  cycle  is  the  time  when  it  comes  out 
of  its  aestivation  in  the  chaur  land.  Presumably  it  does  so  along  with  the 
appearance  of  the  first  brood  caterpillars  in  the  chaur  in  September  or 
October,  when,  its  numbers  being  very  small,  on  account  of  the  exigencies 
of  climate  and  adverse  chaur  conditions  during  the  aestivating  period, 
the  percentage  of  parasitization  is  very  low.  With  the  idea  of  giving  it  a 
fair  start  against  the  first  brood  in  the  beginning  of  the  season,  by  in- 
creasing their  number,  large  broods  of  the  parasite  were  reared  in  the 
insectary  in  February  and  March  1917  and  allowed  to  go  into  aestivation 
in  April.  The  grubs  inside  remained  healthy  through  the  summer  and 
the  rains  and  even  in  the  first  week  of  October  they  were  alive,  but  they 
failed  to  pupate  and  come  out  as  adults.  The  same  experiment  was 
repeated  in  the  Insectary  in  1918  with  no  better  results.  It  is  evident 
that  the  natural  factors  controlling  their  emergence  from  the  sestivating 
pupae  did  not  obtain  in  the  Insectary.     As  it  is  not  definitely  known 
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-what  these  factors  are,  efforts  will  again  be  made  this  year  to  find  these 
out,  so  as  to  be  able  to  have  ready  a  large  number  of  live  adults  for  in- 
oculating the  first  brood  caterpillars  in  the  chaur  early  in  the  season. 
The  object  in  view  may  also  be  accompUshed  by  work  in  another  Une 
and  that  h  by  first  ascertaining  if  the  Agrotis  ypsilon  caterpillars,  which 
are  reported  to  be  found  in  the  Hills  during  the  rains,  are  parasitized 
there  and,  if  so,  by  introducing  a  large  number  of  affected  caterpillars 
from  the  Hills  in  August  and  September  and  rearing  them  out  for  use 
in  the  chaur.  Work  on  this  line  will  be  taken  up  this  year  along  with 
the  trial  in  the  Insectary  for  carrying  through  the  local  parasite  during 
the  aestivating  period. 

28.— CONTROL  OF  THE  MELON-FLY  IN  HAWAII  BY   A 
•       PAEASITE   INTRODUCED   FROM   INDIA. 

By  David  T.  Fullaway,   Honolulu,  H.I. 

The  Hawaiian  Islands  are  situated  in  the  midst  of  a  vast  ocean. 
They  are  completely  isolated  from  the  continent,  so  that  insects  de- 
trimental to  agriculture  cannot  easily  reach  them.  But  with  the  de- 
velopment of  trade  on  the  Pacific,  the  Islands  have  become  a  commer- 
cial crossroads,  a  day  seldom  passing  without  a  steamer  putting  into  our 
main  port,  and  despite  the  strict  inspection  and  quarantine  of  horti- 
cultural products  a  serious  pest  now  and  then  does  slip  in.  Our  equable 
climate  permitting  almost  continuous  breeding,  an  excessive  multipli- 
cation and  rapid  spread  of  the  pest  soon  result.  Thus  it  was  that 
the  melon-fly  {Chcetodacus  cucurbitae)  gained  access  to  the  islands  about 
1895,  and  thereafter  melons  of  any  sort  could  not  be  grown  successfully. 
A  somewhat  similar  experience  later  with  a  more  destructive  insect, 
the  Mediterranean  fruit-fly,  aroused  public  interest  to  the  extent  of  in- 
ducing the  Government  to  experiment  with  the  possibility  of  controll- 
ing the  injuriousness  of  the  fly  by  searching  out  and  introducing  its  para- 
sites, that  is  to  say,  other  insects  that  were  known  or  could  be  ascertain- 
ed to  live  at  the  expense  of  the  first.  Parasitism  among  insects  is  a. 
very  common  phenomenon,  which  even  the  layman  to-day  is  acquainted 
with,  and  the  check  which  this  parasitism  exerts  on  the  multiplication 
of  insects  is  also  well-known.  It  should  be  pointed  out  here  that  the 
same  circumstances  which  prevent  the  migration  of  injurious  insects 
to  our  isolated  islands,  also  prevent  beneficial  insects  from  reaching  us. 
Likewise,  the  same  causes  which  lead  to  the  rapid  spread  and  excessive 
multiplication  of  injurious  introductions,  operate  equally  on  the  bene- 
ficial ones  that  prey  upon  them.  In  other  words,  the  method  of  con- 
trolling injurious  immigrant  insects  by  the  introduction  of  their  para- 

o2 
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sites  is  particularly  applicable  to  Hawaiian  conditions.  The  experi- 
ment that  was  tried  with  the  Mediterranean  fruit-fly  was  successful  to 
a  very  large  degree  and  induced  the  Government  to  go  further  and  see 
what  could  be  done  to  control  the  ravages  of  the  melon-fly.  In  this 
way  the  writer  was  engaged  in  July  1915  to  investigate  the  parasitism 
of  the  melon-fly  and  obtain  whatever  natural  enemies  could  be  disco- 
vered. 

Before  going  on  to  the  detailed  account  of  the  expedition,  it  should 
be  stated  that  when  the  search  for  melon-fly  parasites  was  begun,  our 
knowledge  of  the  fly  outside  of  Hawaii  was  very  limited,  consisting 
almost  wholly  of  the  probable  distribution  of  the  fly  gained  from  the 
meagre  records  of  Compere  and  Muir  and  the  publications  of  the  Im- 
perial Entomologist  of  India.  Nothing  positive  was  known  of  parasites, 
although  Muir's  accounts  of  the  relative  scarcity  of  the  fly  in  certain 
localities  gave  a  measure  of  confidence  to  the  assumption  that  parasites 
existed. 

In  regard  of  the  facilities  offered  by  the  Government  laboratories 
in  India,  it  was  considered  that  it  would  be  the  country  to  work  first, 
and  on  23rd  July  I  set  out  with  the  intention  of  going  directly  to  Pusa 
in  India.  "  When  I  reached  Manila,  however,  I  went  up  to  Los  Banos 
to  have  a  conference  with  Muir,  and  it  was  largely  on  his  recommenda- 
tion that  I  decided  to  work  first  around  Singapore. 

While  at  Hongkong,  17-20th  August,  on  my  way  to  Singapore,  I 
made  a  short  trip  up  the  river  to  Macao,  where  Muir  and  Kershaw  had 
worked  considerably,  to  determine  its  suitability  as  a  breeding  station 
on  my  probable  return  with  parasites. 

Leaving  Hongkong  on  the  20th,  I  arrived  at  Singapore  on  the  26th, 
located  a  supply  of  infested  fruit  in  some  Chinese  vegetable  gardens, 
and  set  up  my  laboratory  in  a  room  over  the  hotel  garage.  Here  I 
worked  over  a  month,  rearing  melon-flies  out  of  cucumbers  and  a  few 
Momoraxcas  and  Lvffas.  At  the  end  of  a  week,  on  opening  some  of  the 
puparia,  I  found  a  single  female  Opiiis,  and  shortly  after  two  males, 
and  felt  encouraged  to  go  on.  However,  although  more  than  6,000 
flies  were  reared,  no  further  parasites  were  obtained,  and  I  decided  to 
continue  on  my  way  to  India.  I  attribute  the  meagre  results  obtained 
in  Singapore  to  the  character  of  the  fruit  uscgI,  and  the  manner  of  its 
cultivation.  The  only  cultivated  cucurbit  to  be  obtained  in  any  quan- 
tity is  the  cucumber,  which  is  produced  by  Chinese  market  gardeners 
under  conditions  which  are  very,  favorable  to  mould — the  ground  where 
these  gardens  arc  is  low,  and  it  is  the  custom  of  the  Chinese  to  wet 
down  the  beds  three  or  four  times  a  day  with  liquid  manures.     I  think 
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if  wild  Momordicas  could  have  been  obtained,  the  parasites  would  have 
been  more  abundant,  but  under  the  conditions  described,  the  parasites 
have  little  chance  to  multiply. 

The  method  used  to  ascertain  what  parasitism  existed  was  very 
simple.  Infested  fruit  was  placed  in  cages  on  sand,  and  as  soon  as  the 
maggots  had  emerged  and  pupated,  the  sand  was  screened  to  separate 
ihe  puparia,  which  were  then  placed  in  shell  vials.  After  a  few  days, 
the  flies  would  emerge  from  unparasitized  material,  and  these  were 
liberated  daily  until  emergence  ceased.  The  material  was  then  gone 
over  and  everything  discarded  except  the  sound  puparia,  which  would 
be  suspected  of  containing  parasites.  When  parasites  emerged  they 
were  conducted  as  soon  as  possible  into  6"xl"  test-tubes  containing  a 
fresh  leaf  holding  drops  of  honey  and  water.  About  twenty  parasites 
can  be  kept  in  good  condition  in  a  single  tube  and  if  carefully  attended 
they  can  be  expected  to  live  at  least  a  month.  If  necessary  to  hold 
longer,  they  can  be  reared  in  confinement  wherever  a  good  supply  of 
infested  fruit  can  be  obtained. 

At  Singapore  I  had  the  misfortune  to  lose  part  of  my  equipment 
and  I  utilized  the  time  necessary  to  have  it  replaced  in  investigating 
melon-fly  conditions  in  Java.  It  is  only  a  36-hour  run  from  Singapore 
to  Batavia,  and  another  3-hour  journey  on  the  railroad  to  Buitenzorg, 
the  seat  of  Government  and  location  of  the  scientific  laboratories.  The 
director  of  the  scientific  work.  Dr.  Konigsberger,  showed  sympathetic 
interest  in  my  mission,  and  kindly  offered  me  a  desk  in  the  Strangers' 
Laboratory.  I  spent  nearly  a  month  in  Java,  10th  October  to  6th 
November,  and  in  this  time  reared  between  4,000  and  .5,000  flies.  In 
due  course  the  material  disclosed  the  parasite  found  at  Singapore,  and 
I  was  able  to  take  a  small  lot  of  males  and  females  away  with  me.  My 
time  in  Java  was  limited,  and  the  work  done  there  was  done  too  hur- 
riedly to  give  anything  more  than  an  impression  of  the  conditions,  but 
the  impression  was  very  favorable.  Cultivated  fruit  was  scarce  at 
that  season  of  the  year,  and  Momordicas  were  used  very  largely  in  rear- 
ing flies.  These  fruits  are  not  cultivated  in  fields  or  gardens,  but  are 
grown  by  the  natives  around  their  houses,  and  are,  therefore,  very  much 
scattered.  The  cultivated  fields  appeared  clean,  and  I  was  told  that 
two  pickings  are  usually  secured  before  an  infestation  is  noticed.  A 
large  ground-beetle  was  very  active  here. 

On  returning  to  Singapore,  I  found  a  letter  from  Muir  giving  en- 
couraging information  in  regard  to  the  Philippines,  but  I  had  already 
made  my  plans  to  go  to  India,  and  was  obhged  to  defer  the  investigation 
-of  this  new  field  till  later. 
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Leaving  Singapore  on  the  9th  of  November,  we  arrived  at  Nega- 
patam  on  the  16th,  and  from  there  I  proceeded  by  rail  to  Bangalore,, 
in  Mysore  State,  a  locality  highly  recommended  by  Compere.  I  may 
say  that  the  idea  of  going  to  Pusa  had  to  be  abandoned  on  account  of 
the  low  temperatures  prevailing  there  during  the  winter  months.  I 
found  Bangalore  suited  to  my  purposes,  although  it  is  not,  as  I  had 
expected  it  to  be,  in  a  rich  agricultural  or  fruit-growing  section  ;  it  is 
one  of  the  hill  stations  of  India,  in  normal  times  with  a  garrison  of  more 
than  10,000  troops,  and  on  account  of  its  fine  climate,  has  attracted 
many  Indian  pensioners.  It  was  natural,  therefore,  to  find  on  the  out- 
skirts of  the  city  extensive  gardens,  and  my  first  examination  of  these 
revealed  the  melon-fly.  I  utilized  a  small  room  in  the  hotel  as  a  labora- 
torj',  and  was  soon  rearing  hundreds  of  flies.  Before  I  had  a  chance 
to  breed  the  parasites  brought  from  Java,  the  same  species  appeared 
in  Indian  material,  and  in  a  very  short  time  I  had  a  flourishing  colony. 
I  spent  five  weeks  or  more  in  India,  rearing  about  10,000  flies.  Out 
of  these  Ophis  fetcheri  came  abundantly,  and  I  was  also^able  to  culti- 
vate a  small  lot  of  Spalangia  ;  but  nothing  further  appeared,  and  after 
my  own  extensive  work  and  the  assurance  of  Mr.  Fletcher,  the  Imperial 
Entomologist,  that  nothing  else  had  ever  been  bred  by  them  from  D. 
cvcurbitae,  I  decided  I  had  exhausted  this  field  and  it  was  time  to  move 
on  to  the  Philippines.  All  the  while  in  India  I  was  looking  closely  for 
Syniomosphyrvm  mdicvm,  the  fruit-fly  parasite  introduced  by  Com- 
pere into  Australia,  by  Lounsbury  into  the  Cape,  and  by  Silvestri 
into  Italy,  but  I  saw  nothing  of  it,  and  the  Indian  Entomologist  could 
give  me  no  information  about  it  beyond  what  I  already  knew. 

Leaving  Bangalore  on  the  night  of  23rd  December  for  Colombo,  I 
■was  detained  by  the  Indian  police  at  Dhanuslikodi  for  three  days  en  route,. 
but  arrived  in  ample  time  to  catch  the  Spanish  mail  (31st  December) 
and  after  an  uneventful  voyage  of  18  days  reached  Manila  with  about 
75  living  examples  of  the  Indian  parasite,  Ojnus  fietcheri,  which  I  had 
carried  with  me  on  leaving  India.  While  stopping  in  Singapore  I  had 
also  secured  infested  fruit  to  breed  the  parasites  en  ronte,  and  from  this 
material  I  subsequently  got  64  additional  individuals. 

In  Manila  I  received  very  generous  assistance  from  the  Bureau  of 
Agriculture  and  Science,  and  established  a  laboratory  in  a  room  set  aside 
for  me  at  the  latter  institution.  I  found  fruit  very  scarce  and  prac- 
tically no  cultivated  cucurbits.  Under  the  circumstances.  I  was  obliged 
to  depend  entirely  for  rearing  and  breeding  purposes  on  Momordicas. 
These  fruits  are  dry  and  do  not  give  the  same  trouble  with  regard 
to  mould  that  cucumbers  do  ;  at  the  same  time  they  contain  very 
few  maggots,  and  are  got  only  with  great  exertion  and  loss  of  time- 
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As  a  consequence  my  stock  of  parasites  dwindled,  and  I  was  disappointed 
in  the  hope  of  finding  additional  species.  I  spent  nearly  three  "months 
in  the  Philippines,  rearing  about  18,000  flies,  but  nothing  new  disclosed 
itself.  This  seemed  strange  in  view  of  the  rich  fruit-fly  fauna  there, 
which  is  known  to  harbor  several  species  of  Opiine  parasites.  I  also 
lost  the  small  colony  of  Spalangia,  one  generation  running  to  males. 

It  was  unfortunate  that  at  the  time  of  leaving  Manila  the  steamer 
connections  were  such  that  I  was  obliged  to  remain  in  Hongkong  a 
week.  I  used  this  intermission  in  the  voyage  to, the  best  advantage, 
but  my  fruit-fly  parasites  had  dwindled  to  very  small  proportions  by 
the  time  of  my  arrival  in  Honolulu,  on  10th  May  1916. 

From  this  .small  stock,  however,  the  parasite  was  successfully  mul- 
tiplied and  in  the  course  of  a  month  or  two  it  was  possible  to  liberate 
large  lots  in  suitable  localities.  This  artificial  propagation  has  conti- 
nued to  the  present  date  and  thousands  of  the  parasites  have  been  sent 
out  to  every  locality  in  the  islands  where  melons  are  grown.  By  August 
1916  the  parasite  was  recovered  from  fruit  gathered  in  Honolulu  gardens, 
and  we  were  soon  assured  of  the  success  of  the  introduction.  At  the 
present  time  the  parasite  accounts  for  the  destruction  of  50  jjer  cent,  of 
the  melon-fly  infesting  our  fruit,  as  ascertained  from  rearing  parasites 
and  flies  from  different  localities  in  the  islands,  and  in  some  locahties 
it  is  again  possible  to  grow  melons  successfully. 

It  is  very  kind  of  Mr.  Fullaway  to  have  sent  it*  this  paper  in  response  Mr.  Fletcher. 
to  a  request  on  my  part  to  give  us  a  short  account  of  his  trip   to  India  to 
collect  parasites  of  Chaetodacus  cucurbitce.     It  is  of  considerable  interest 
to  us  and  we  are  very  pleased  to  find  how  successful  this  introduction 
has  proved  in  Hawaii. 


29.— INSECT  PESTS  OF  THE  TEA-PLANT  IN  FORMOSA. 
(Preliminary  Report.) 

Bij  Dr.  T.  Shiraki,  Government  Entomologist,  Formosa. 

Tea-cultivation  in  Formosa  is  one  of  most  important  items  of  agri- 
culture, and  the  annual  out-turn  totals  more  than  20,000,000  pounds. 
The  cultivation  has  improved,  year  by  year,  and  at  the  present  time 
is  being  carried  out  more  scientifically.  Slight  attention  is,  however, 
given  by  the  cultivators  to  tea-pests,  with  a  few  exceptions,  such  as 
Andraca  bipunctata,  Euproctis  conspersa,  and  several  Tortricidce. 

At  the  Agricultural  Experiment  Station  of  the  Government  of  For- 
mosa, the  pests  of  the  tea-bush  are  being  studied,  especially  those  which 
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are  injurious.  Up  to  the  present  time  about  fifty  species  have  been 
noticed  by  us,  but  none  of  them  is  completely  studied  j-et.  The  follow- 
ing brief  note  on  each  species  is  chiefly  summarized  from  several  obser- 
vations and  experiments  in  the  fields  or  laboratory. 

Insect  pests  of  the  tea-plant  in  Formosa. 
No.  1. — Odontotermes  formosanus.  Shir.   {Hime  Shiroari.) 

This  termite  is  commonly  found  all  over  Formosa,  while  it  occurs 
in  Burma,*  Siam,  Hongkong,  Canton,  Fokien,  Ishigakijima,  and  Loo- 
Choo. 

The  imagines  swarm  usually  in  the  afternoon  from  five  to  seven 
o'clock  from  April  to  August,  and  they  come  down  to  the  ground.  After 
a  journey  on  the  surface  of  the  soil  the  couple  find  a  cleft  or  hole  in  the 
ground  and  enter  into  it.  In  about  five  or  eight  days  the  female  begins 
to  deposit  her  eggs  (slightly  curved  elliptical,  2/3  mm.  long)  in  a  roughly- 
formed  royal  cell,  not  very  many  but  twenty  to  thirty  daily,  and  about  a 
week  later  the  female  or  male  carries  out  the  eggs  from  the  royal  cell  to 
the  other  places  which  are  galleries  fi-om  the  cell.  The  larvae  which  first 
appear  are  almost  always  soldiers,  but  there  are  rarely  found  a  few 
workers.  Afterwards  the  female  deposits  her  eggs  gradually,  but  not 
on  every  day,  and  thus  the  workers  increase  in  number.  During  this 
rime  the  female  grows  longer  and  thicker  in  the  abdomen  and  in  about 
a  year  her  abdomen  measures  about  one  inch  or  more  in  length.^ 
At  that  time  the  royal  cell  is  almost  completely  formed,  flat  and  irre- 
gularly ovate  (about  half  an  inch  in  height  and  about  two  inches  or 
less  in  long-diameter),  while  the  nest  around  (almost  always  above  half 
of  the  royal  cell)  the  royal  cell  consists  of  numberless  small  cells  con- 
taining the  round  spongy  fungus-bed,  each  of  which  connect  with 
one  other  by  means  of  many  narrow  galleries.  The  nest  is  about  one 
inch  or  more  in  thickness  and  about  sis  inches  or  more  in  longitudinal 
diameter,  and  it  is  almost  always  roundish  but  somewhat  flat,  espe- 
cially on  the  lower  side.  This  nest  containing  the  royal  cell  gradually 
grows  larger,  and  in  the  next  year  it  becomes  about  twice  in  height  or 
length  and  in  the  following  year  thrice,  and  in  the  fourth  year  th.e  nest 
is  about  three  and  a  half  feet  or  more  long  and  about  one  and  a  half 
feet  high.  The  nest  described  just  above  must  be  a  central  one, 
while  the  other  nests  connected  to  it  by  narrow  (about  a  half  inch  or 
less  in  diameter  and  about  one-fifth  inch  or  more  in  depth)  exceed- 
ingly long  galleries,  which  are  from  about  six  feet  to  500  feet,  from  the 

»  We  have  no  information  regarding  the  occurrence   of   this   Termite    in    Burma.— 
Editor. 
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central  nest,  are  accessory  ones.  There  are  many  accessory  nests 
belonging  to  each  central  one,  and  these  are  only  houses  of  workers  or 
a  few  soldiers.  The  position  of  the  central  nest  varies  in  depth  from 
about  half  a  foot  deep  in  the  soil  to  about  ten  feet  or  more.  Apparently 
this  varies  with  the  nature  of  the  soil,  this  species  building  its  nest  at 
different  depths  in  different  localities.  The  colony  is  exceedingly  large  ; 
the  soldiers  are  almost  always  found  in  the  royal  cell  and  about  the 
termination  of  the  outside  galleries  which  are  formed  on  the  trunks  of 
trees  ;  the  queen  and  king  are  in  the  royal  cell  and  never  come  out  from 
.there ;  the  workers  Hve  everywhere  in  the  nest  and  main  galleries  ; 
■while  the  nymphs  are  only  found  in  particular  parts  of  all  the  nests. 

The  damage  to  tea-plants  done  by  this  termite  is  sometimes  fairly 
extensive,  and  when  the  attacks  are  severe  the  plant  is  almost  entirely 
plastered  over  with  soil  and  it  is  quite  withered  when  the  earthing- 
over  is  done  in  the  summer  season,  but  not  wholly  in  a  plantation. 

This  termite  also  attacks  stumps,  logs,  timbers,  several  living  trees 
(peach-tree,  orange-tree,  camphor-tree.  Acacia  sp.,  Cryptomeria  japo- 
nica,  mango-tree,  Eugenia  malaccensis  L.,  Nephelimn  longan  Camb., 
pine-tree,  etc.),  and  sugar-cane. 


No.   2. — Leucotermes   speratus,   Kolbe    {Yamatoshiroari.) 
This  insect  is  commonly  found  in  North  Formosa,  while  it  is  recorded 
from  Botel-tobago,  Ishigakijima,  Loo-Choo,  Amami-Oshima,  Kiushiu, 
Shikoku,  Honshiu,  Hokkaido,  and  Korea. 

This  widely-distributed  termite  forms  irregular  cavities  under  or 
in  rotten  boards,  timbers,  decayed  logs,  stumps,  fallen  trees,  etc.,  and 
constructs  outside  them  narrow  fragile  galleries.  The  colony  is  rather 
large,  generally  consisting  of  numerous  workers,  fewer  nymphs,  soldiers 
and  larvse.  The  winged  insects  swarm  on  a  warm  day  in  April  or  May. 
There  are  sometimes  neoteinic  queens,  although  the  usual  mode  of  re- 
production is  performed  by  a  king  and  a  queen.  We  often  suffer  from 
the  damage  done  by  this  termite  to  wooden  buildings,  furniture,  bridges, 
telegraph  posts,  sleepers,  etc.,  and  very  rarely  to  the  tea-bush  and  cam- 
phor tree.  The  injuries  to  the  tea-plant  are  almost  always  very  slight, 
but,  if  the  attack  of  this  insect  occurs  at  the  time  that  the  plant  has  been 
•cut  off  near  the  soil  surface  for  pruning,  it  often  causes  the  plant  to 
■wither.. 

Remedial  measures  for  these  two  termites  are  two  up  to  the  present 
time,  one  being  the  crushing  of  the  outside-galleries  plastered  over 
the  tea-bush,  and  the  other  being  the  destruction  of  the  central  nest. 
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No.  3. — Toxopiera  citrifolia,  Maki.     (Komikan-Abummushi.) 
This  is  one  of  the  most  common  pests  of  the  orange-tree,  and  it  is  also 
found  on  several  roses,  or  very  rarely  on  the  tea-plant,  but  its  injuries 
are  very  slight.     This  pest  usually  occurs  in  the  Northern  part  of  For- 
mosa, but  it  is  not  recorded  from  the  South. 

Only  one  control-measure  is  recommended  by  us,  i.e.,  the  spraying 
of  contact  poisons,  and  this  is  practised  at  the  time  that  the  young 
leaves  are  plentiful  or  that  the  buds  are  coming  forth. 

No.   4. — Ceroplasies   ceriferus,   Andrs.      {Tsuno-Romushi.) 
This  giant  Scale-insect  is   rather  common  throughout  the  whole 
Island,  but  not  so  abundant  that  the  plants  suffer  from  it.     This  inju- 
rious insect  attacks  the  twigs  or  trunks  or   rarely   the   leaves   of   th& 
tea-plant,  orange-tree,  mulberry-tree,  and  Eugenia  malaccensis,  L. 

No.  5. — Ceroplasies  floridensis,  Comst.  (Mikan-Rokaigaramushi.) 
This  is  not  common  in  the  Island  of  Formosa,   but  we  can  find  it 
from  May  to  July  in  Northern  Formosa  or  in  September  to  October  in 
the  South.     It  is  one  of  the  rare  pests  of  the  tea-plant,  and  is  sometimes 
found  on  the  twigs  of  orange,  pear  and  mango. 

No.  6. — Ceroplasies  rubens,  Mask.  (Momoiro-Rokaigarainushi.) 
This  species  is  less  common  in  Formosa  than  ceriferus,  but  rather 
more  familiar  to  us  than  the  preceding  Scale-insect.  We  have  found 
several  host-plants,  of  which  tea,  camphor,  orange  and  Psidium  guyava 
are  important  plants  in  Formosa.  I  do  not  mean  to  state  that  these 
plants  are  destroyed  by  this  insect. 

The  three  Scale-insects  described  above  are  rather  resistant  to  spray- 
ing with  contact  insecticides,  but  fumigation  with  cyanide  acid  gas  is 
recommended.  The  latter  measure  is  only  practised  for  destruction 
of  the  scales  attached  to  the  young  shoots. 

No.  7. — Lecaniiim  hemisphwricmn,  Targ.  (Mikan'Tamakaigaram- 
usJii.) 
This  is  the  rarest  species  of  tea-plant  Scale-insects,  and  its  injuries 
are  very  slight  although  the  insect  attacks  the  young  twigs.  Of  its 
other  host-plants  the  orange-tree  is  well  known.  The  larvse  are  usually 
found  in  April  or  May  and  the  imagines  in  September.  The  scarcity  of 
hemisphcEricum  is  mainly  due  to  the  fact  that  a  certain  species  of  Chal- 
cidid  occurs  on  it. 

No.   8. —  Chionaspis  thecB,    Mask.     {Cha-no-Nagakaigaramuslii.) 
This  Chimiaspis  occurs  throughout  the  Island,  and  is  very  common 
and  abundant  in  the  Northern  parts.     It  is  only  found  on  the  upper 
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surface  of  leaves  of  tea,  Cleyera  ochmcea,  and  other  unknown  shrubs, 
but  the  female  often  occurs  on  the  twigs  or  trunks. 

Though  occurring  rather  commonly  in  Formosa,  I  have  never  seen 
this  insect  in  injurious  numbers,  but  it  is  beheved  by  the  natives 
that  this  pest  occasionally  injures  the  leaves  so  severely  that  there 
come  almost  entirely  no  crops  from  an  area  in  the  Shinko  district  of 
Taihoku  Cho.  In  this  district  the  fresh  patches  of  snowy-white  male 
puparia  are  usually  seen  twice  in  a  year,  one  in  May  and  the  other  in 
October. 

No.  9.—Icenja  cegyptiaca,  Dougl.     {Egypt-Watakaigaramushi.) 

No.  10. — Icerija  seychellarum,  West.^okadae,  Kuwana  {Okada- 
Wafafukikaigaramushi.) 

These  two  species  are  sometimes  found  on  the  twigs  of  the  tea-plant, 
but  I  have  never  seen  these  insects  in  injurious  numbers,  while  orange- 
trees  are  sometimes  attacked  seriously  by  the  latter  species  so  that  the 
growing  of  the  plant  is  quite  retarded  or  the  twigs  entirely  withered. 

All  the  above  four  scale  insects  are  fairly  easily  controlled  by  means 
of  spraying  with  resin-mixture  or  lime-sulphur,  whenever  the  insects 
are  in  the  stage  of  larvae  or  young  imagines. 

No.  ll.—Icerya  purchasi,  Mask.  {Watajukikaigaramushi.) 

This  Cottony  Cushion  Scale-insect  has  been  unfortunately  imported 
from  probably  Australia  in  the  year  1902,  and  then  it  gradually  in- 
creased in  number  and  became  distributed  to  a  large  extent.  In  the 
year  1907  it  was  distributed  all  over  the  districts  surrounding  the  city 
of  Taihoku.  Afterwards  the  insect  spread  through  the  other  districts 
of  Taihoku-Cho,  and  its  injuries  were  a  very  serious  matter  to  orange- 
cultivators  and  others,  but  such  an  occurrence  was  naturally  controlled 
with  the  introduction  of  Novius  cardinalis  from  Honolulu  and  New 
Zealand.  Up  to  the  present  time,  it  is  well  known  that  this  pest  attacks 
about  sixty  kinds  of  plants  and  also  the  tea-plant,  but  the  damage  done 
to  the  latter  is  not  noticed  by  anyone. 

No.  12. — Empoasca  flavescens,  Fab.  {Usuba-Himeyokobai,  or  Chano- 
Midoriyokohai.) 
This  small  fly  is  commonly  found  in  the  tea-districts  in  May  or  June 
in  somewhat  injurious  numbers,  and  it  always  attacks  the  under  surface 
of  the  leaves.  In  every  year  the  damage  done  by  this  insect  is  almost 
always  about  thirty  or  forty  per  cent,  of  the  usual  crop  in  a  small  area 
of  the  plantation,  bi^t  never  through  a  large  area  or  whole  district.  It 
is  also  injurious  to  sugar-cane,  orange-tree,  and  mulberry-tree,  and  this 
last  is  sometimes  seriously  damaged  by  a  swarm  of  this  pest.     In  the 
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year  1911,  some  of  the  mulberry-tree  fields  in  Taihoku-Clio  were 
affected  by  a  great  emergence  and  some  serici-culturists  suffered  from 
scarcity  of  leaves. 

Only  one  control-measure,  mineral  oil  spraying,  is  recommended 
by  us. 

No.  13. — Tettigonia  ferruginea  var.  apicalis,  Walk.  (OJio- 
Tsu  mag  uroyokoba  i . ) 
This  widely-distributed  Jassid  is  commonly  found  throughout  the 
Island  of  Formosa,  but  the  emergence  is  not  abundant  annually,  and 
I  have  never  seen  this  in  injurious  numbers.  It  is  generally  known  by 
agriculturists  and  entomologists  that  this  species  'attacks  sugar-cane, 
mulberry-tree,  orange-tree,  Paulownia  sp,,  and  the  tea-plant. 

^     ^  No.  14. — Geisha  distindissima,  Walk.     [Ao-Hagoromo.) 

This  Fulgorid  also  very  commonly  occurs  throughout  Taiwan  Island, 
but  is  not  very  abundant.  It  attacks  orange,  tea,  etc.,  but  the  injuries 
are,  however,  very  slight,  so  that  the  natives  almost  always  take  no  care 
of  this  pest. 

No.  15. — Brachytrypes  porfentosus,  Licht.     {Taiivan-0-Korogi.) 
This  large  brown  cricket  is  our  most  familiar  burrowing  species, 
found  commonly  through  the  Island,  and  its  occurrence  is  rather  abun- 
dant, especially  in  sea  shore  districts  or  on  sandy  high-land. 

In  September  the  female  cricket  burrows  into  the  soil,  about  one 
or  two  feet  below,  until  she  reaches  the  hard  soil,  where  she  deposits  her 
eggs  (about  40)  which  usually  stand  in  a  bunch  at  intervals  of  about 
9  mm.  and  never  in  contact  with  one  another.  In  one  burrow  only  a 
single  egg-mass  is  almost  always  found,  but  two  or  three  masses  may  be 
deposited  by  a  single  female.  The  eggs  hatch  in  about  a  month  after 
deposition.  Newly-hatched  larvae  usually  live  together  in  a  burrow, 
but  soon  after  they  separate  and  come  out  of  the  burrow.  Thus  each 
larva  burrows  under  the  soil-surface  about  three  to  six  inches,  and  Uves 
in  its  hole.  At  night,  it  comes  to  the  surface  and  seeks  its  food,  the 
leaves  and  young  shoots  of  plants,  which  it  eats  or  draws  into  its  burrow. 
During  its  wandering  for  food,  here  and  there,  the  young  cricket  often 
loses  its  burrow  and  is  forced  to  begin  to  form  a  new  burrow  for  its  dwel- 
ling place.  This  reburrowing  is  sometimes  probably  repeated  again. 
The  burrow  of  this  species  is  not  straight  but  generally  curved  twice  or 
more,  and  it  is  rather  elliptical,  about  six  to  twelve  inches  in  the  long- 
diameter  or  about  from  three  to  six  inches  in  the  short-diameter.     The 
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outside  opening  of  the  burrow  is  covered  with  fine  sandy-soil,  and 
consequently  the  middle  of  the  cover  is  always  elliptically  depressed. 
In  the  early  morning,  if  there  is  no  cover  over  the  exit  of  the  burrow, 
there  is  almost  always  no  insect  living  therein. 

During  the  rainy  season  we  have  sometimes  found  two  or  more 
larvae  in  a  burrow,  this  depending  on  the  fact  that  the  insect  never  re- 
burrows  into  the  soil  m  this  season,  but  it  seeks  the  old  tunnels.  This 
does  not,  however,  continue  for  long,  and  one  or  two  days  after  the 
weaker  larva  comes  to  the  surface  and  then  begins  to  make  its  own 
burrow.  It  is  also  rarely  seen  on  the  surface  save  when  the  heavy  rains 
flood  it  out  of  its  burrow.  After  the  fifth  moult  the  larva  comes  up  as 
the  imago,  and  the  duration  of  each  stage  of  larva  is  from  forty  to  eighty 
days.  From  May  to  June  of  the  next  year  the  adult  cricket  emerges 
and  the  male  comes  to  the  surface  at  dusk,  and  pours  forth  its  strident 
note,  the  sustained  shrill  vibration  being  very  piercing  and,  as  one  ap- 
proaches, beating  in  the  ears  with  extraordinary  intensity.  At  that 
time  the  female  comes  there  to  couple  with  the  male,  and  the  ovaries 
of  the  female  gradually  ripen  towards  September. 

This  insect  is  injurious  only  to  the  young  tea-plant,  as  it  eats  or 
carries  down  into  its  burrow  a  great  number  of  the  young  leaves  or  shoots. 
It  also  attacks  mulberry,  cotton,  Cryptomeria  japonica.  Acacia  sp., 
camphor,  orange,  rice-plant,  Sesamum  indicum,  melons,  cucumber, 
egg-plant,  potatoes,  tobacco,  sweet-potato,  sugar-cane,  and  several 
vegetables. 

The  seedlings  of  the  plants  mentioned  above  usually  suffer  from 
this  insect  (especially  of  the  orange-tree)  while  Sesamum  indicum,  me- 
lons and  cucumber  are  very  often  destroyed  nearly  throughout  the 
field  in  the  sea-coast  districts. 


In  vegetable  gardens  the  floodmg  of  water  is  the  recommended 
control,  but  in  tea-gardens  the  application  of  poisoned  bait  is  the  simplest 
and  most  efTective  method.  This  bait  consists  of  sweet-potatoes,  gin- 
gelly-oil,  and  lead  arsenate  ;  sweet  potatoes  must  be  cut  about  7  mm. 
cube,  and  then  must  be  shghtly  dried  in  the  sun.  The  dried  pieces  of 
sweet-potato  are  first  dipped  into  the  gingelly-oil  and  then  the  oil  must 
be  rather  clearly  drained  out  of  them  ;  afterwards  they  must  be  powder- 
ed with  lead  arsenate.  These  small  baits  are  placed  inside  the  burrows 
(one  or  more  in  each  burrow)  by  means  of  long  chopsticks  in  the  early 
morning.  The  buds  or  small  shoots  of  bamboo  are  often  used  by  the 
natives  instead  of  sweet-potato.  These  are  more  efficacious  as  a  medium 
for  attracting  the  insect  than  sweet-potato,  but  the  collection  of  bam- 
boo-shoots is  a  rather  laborious  matter. 
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No.  15. — Olegores  citrinella,  Shir.  (Mikan-no-Hamaki.) 
This  Gelechiad  is  commonly  found  throughout  Taiwan  Island,  but 
is  not  very  common.  The  larva  is  slender  and  long,  pale  greenish, 
rather  smooth  but  with  a  few  short  hairs  on  each  somite,  with  the  head 
reddish  brown,  the  chitinous  plate  on  the  first  somite  brown,  and  the 
somites  from  the  sixth  to  the  end  pale  yellowish  ;  the  legs  are  well  de- 
veloped but  the  prolegs  are  rather  small. 

This  caterpillar  is  found  throughout  the  whole  year,  and  it  lives  in 
a  shelter  formed  by  fastening  together  two  or  more  leaves  of  a  tea-plant 
or  orange-tree,  but  sometimes  in  a  transversely-folded  leaf,  feeding  on 
the  top  of  the  somewhat  matured  leaf.  I  have  never  seen  the  larva 
feeding  on  the  very  young  leaf  or  bud.  The  pupa  is  about  12  mm.  long, 
blackish  brown,  with  a  few  pale-brown  anal  processes,  in  a  cocoon  of 
transparent  white  silk  spun  in  the  gathered  or  folded  leaves.  The 
moth  usually  emerges  in  March  or  April. 

The  damage  done  to  the  tea-plant  by  this  insect  is  very  slight,  and 
is  almost  always  neglected  by  the  natives.  There  is  only  one  remedy, 
which  is  the  hand-picking  of  the  caterpillars  in  the  fastened  or  folded 
leaves. 

No.  16. — Acria  gossypiella.  Shir.  (Wata-no-Hamaki.) 
The  caterpillar  of  this  insect  is  usually  found  in  May  and  December 
in  the  district  of  Taihoku-Cho,  living  in  a  web  spun  almost  always 
rectangularly  on  the  mid-rib  of  the  underside  of  a  leaf  of  tea,  orange, 
or  camphor,  but  on  cotton  it  folds  a  leaf  at  the  margin  and  lives  within. 
The  larva  is  very  long  and  sub-cylindrical,  pale  greenish  with  a  rather 
broad  greenish  yellow  dorsal  stripe  with  the  head  pale  yellowish  green  ; 
on  the  anal  somite  there  are  two  long  hairs  and  a  few  short  bristly  hairs. 
The  full-grown  caterpillar  is  about  17  mm.  long.  When  full-grown 
it  turns  to  a  pale  brown  pupa  in  a  very  thin  cocoon  spun  in  the  web 
or  folded  leaf.  This  pupa  is  almost  always  curved  below  at  the  anal 
half,  the  wing-sheaths  reaching  to  the  posterior  margin  of  the  fifth 
segment  of  the  abdomen ;  the  anal  apex  bears  a  ring  of  mmute  spines, 
and  in  the  middle  of  the  dorsal  part  of  the  ring  there  is  a  stout  short 
conical  process ;  on  the  third  abdominal  segment  from  the  ventral 
anal  end  there  is  a  row  of  minute  processes  on  each  side  of  the  middle. 
It  is  about  6  mm.  long.  The  moth  emerges  somewhat  abundantly 
towards  the  end  of  June  or  in  the  middle  ten  days  of  December,  but  it 
is  rather  a  minor  pest  of  the  plants  mentioned  above.  Only  one 
control  measure  may  b^  recommended,  viz..  collecting  the  caterpillars  by 
hand-picking,  whenever  this  insect  appejrs  in  injurious  numbers. 
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No.  IS. — Lecithocera  formosana,  Shir.  (Taiwan-Shiro-Hamaki.) 
This  Gelechiad  maj  be  a  rather  rare  species  even  in  Formosa,  and 
the  larva  lives  in  a  folded  leaf  of  orange  or  tea,  feeding  on  the  margin 
of  the  leaf.  The  full-grown  caterpillar  pupates  in  a  whitish  cocoon- 
like shelter  in  the  fold  of  the  leaf,  and  about  a  week  after  the  greyish- 
white  moth  emerges.  Its  occurrence  is  almost  always  in  April  in 
northern  Formosa. 


No.  19. — Homona  menciana,  Walk.^ Archips  asiaticus,  Shir,     [tiec 
Wlsm.]  (Taiwan- Atoki-Haniaki) 

This  insect  in  Formosa  was  first  wrongly  determined  as  Archips 
asiaticus,  Wals.,  by  Mr.  K.  Hori,  and  this  was  followed  by  the  present 
writer.  After  careful  study  he  has  found  that  it  vt'as  quite  a  mistake, 
and  now  he  corrects  it  as  above. 

This  tortrix  is  a  weIl-kno\\Ti  tea-pest  throughout  the  Island  of 
Formosa.  The  outbreak  is  not  a  regular  one  occurring  annually  but  is 
rather  spasmodic,  the  pest  giving  trouble  on  some  particular  gardens 
ior  a  few  months  especially  during  the  late  winter  and  then  disappearing 
for  a  considerable  period.  But  in  the  Anpeichin-district  of  Toyen- 
Cho  it  is  of  a  rather  permanent  character,  and  is  responsible  for  a  con- 
siderable annual  loss  of  crop,  the  yield  being  sometimes  only  a  half 
or  much  less.  The  eggs  are  laid  on  the  uj)per  side  of  the  mature  leaf 
and,  from  their  pale  yellow  colour,  form  conspicuous  objects  on  the 
deep  green  surface  of  the  tea-leaf.  They  are  deposited  in  compact 
masses,  and  are  flattened  disc-shaped  objects,  overlapping  each  other 
like  the  scales  of  a  fish,  the  whole  mass  covered  with  a  film  of  a 
gelatinous'substance.  After  the  emergence  of  the  young  caterpillars, 
the  eggmasses  lose  their  yellow  colour  and  appear  white.  A  single 
egg-mass  is  about  8 — 10  m'm.  long  or  about  5 — 8  mm.  wide  and 
contains  about  200  eggs  on  an  average  from  20  masses.  The  eggs 
usually  hatch  in  five  to  seven  days  in  March  to  May. 

The  newly-hatched  caterpillar  is  dull  green,  with  a  shining  black 
bead,  and  looks  rather  hairy.  Soon  after  hatching  it  begins  to  wander 
about  in  search  of  suitable  food,  here  and  there,  scraping  the  surface 
of  the  leaf  on  which  the  eggs  were  laid  and  from  which  it  sometimes 
eats  the  chlorophyll.  It  is  not  satisfied  to  remain  on  that  leaf,  and 
very  soon  arrives  at  a  young  leaf  or  shoot.  It  does  not  stay  there  long, 
however,  and  is  soon  again  on  the  move  after  a  short  interval.  If  it 
finds  a  young  leaf  which  has  not  been  attacked  by  another  larva,  it  at 
once  fastens  two  or  more  leaves  together  and  lives  beneath  the  shelter, 
either  by  itself  or  with  others,  feeding  on  the  enclosed  surfaces  of  the 
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leaves.  Otherwise  the  caterpillar  hangs  down  by  a  fine  thread  which 
is  sent  forth  from  its  mouth,  and  the  thread  is  blown  by  the  wind  until 
another  twig  or  bush  is  reached.  After  the  firs^*moult  the  young  larvs& 
completely  distribute  themselves  over  the  tea  bush,  and  each  indivi- 
dual forms  a  separate  shelter  for  itself  by  fastening  one  or  two  leaves 
together,  very  often  enclosing  a  young  shoot,  and  within  this  they  live 
and  feed.  The  remainder  of  their  larval  life  shows  no  distinct  variety 
of  habit.  As  they  grow  they  merely  construct  larger  enclosures  for 
themselves  and  consume  a  greater  quantity  of  leaves.  They  do  not 
eat  steadily  through  a  leaf,  but  nibble  it  here  and  there,  bite  into  the 
base  of  a  growing  bud,  or  gnaw  a  small  hole  in  the  side  of  a  young  shoot, 
after  which  they  will  desert  that  spot  and  commence  operations  else- 
where. In  a  badly  infested  field,  every  shoot  on  the  bush  may  conse- 
quently be  injured,  and  every  bush  in  the  garden  afEected.  The  full- 
grown  caterpillar  measures  about  20  to  26  mm.  in  length,  and  is  pale 
greenish  or  whitish  green,  with  a  shining  reddish  brown  head  and  a 
dark  bro^ni  chitinous  plate  on  the  dorsum  of  the  first  thoracic  somite, 
the  plate  surrounding  a  narrow  quite  black  crescent  behind  which  in 
the  middle  is  longitudinally  interrupted  by  a  narrow  paler  line.  There 
are  almost  always  twelve  miimte  tubercles  on  each  somite  of  the  body, 
from  each  of  which  spruigs  a  fine  bristly  hair.  The  legs  are  blackish, 
but  the  prolegs  are  very  short  and  whitish,  while  the  anal  legs  are  cons- 
picuoush'  developed.  The  larval  stage  occupies  about  three  weeks 
in  May  or  about  a  month  in  January,  after  which  the  caterpillar  almost 
always  folds  a  leaf  longitudinally  or  transversely  at  about  its  middle 
or  its  side,  and  turns  to  a  blackish-brown  pupa  which  when  newly 
formed  has  a  somewhat  greenish  tinge  on  the  abdomen.  On  each  dorsal 
abdominal  segment  of  the  pupa  there  are  two  transverse  rows  of  minute 
tubercles,  the  first  row,  near  the  anterior  margin,  consisting  of  two 
rows  of  many  large  oval-shaped  tubercles,  which  are  in  contact  with 
one  another  and  are  more  conspicuous,  while  the  second,  near  the 
middle,  is  composed  of  very  minute  dot-like  tubercles  and  is  rather 
inconspicuous.  The  anal  segment  is  narrowly  and  flatly  produced 
behind,  and  bears  a  few  (about  six)  thin  hooks  at  the  extreme  apex, 
and  there  are  another  two  similar  but  more  narrow  hooks  at  about  each 
lateral  end  of  the  anal  process.  The  pupa  of  the  female  is  about  15 — 17 
mm.  lont^,  but  that  of  the  male  is  much  shorter,  about  11 — 13  mm. 
The  moth  is  found  throughout  the  whole  year,  and  the  whole  life-cycle 
occupies  about  a  month  during  the  summer,  or  about  one  and  a  half 
months  during  the  winter. 

Control-measures :— (1)     Collection    of    the     egg-masses    is    most 
efieotive  for  preventing  the  propagation  of  this  pest.     The  egg-masses 


PROCEEDINGS    OF    THE   THIRD   ENTOMOLOGICAL    MEETING  639 

can  be  easOy  collected  in  large  numbers  by  tie  plucking-girls  or  children. 
It  is  most  important  tbat  the  egg-masses  be  carefully  collected  during 
the  first  half  of  the  winter  as  the  insect  usually  does  great  damage  to 
the  tea  bush  in  February  to  March.  (2)  The  next  important  remedy 
is  plucking  ofi  all  twisted  leaves  containing  the  caterpillars  or  pupae. 
This  must  be  undertaken  at  the  commencement  of  an  attack  when 
only  a  few  shoots  on  each  bush  are  involved.  If  an  estate  is  badly 
affected  by  this  Tortrix  throughout,  so  that  there  are  almost  no  green 
leaves  or  shoots,  it  is  better  to  cut  away  all  the  twigs  from  near  the 
soil  surface  (of  course  the  cut-off  twigs  should  be  soon  destroyed  by 
fire)  than  to  pluck  the  attacked  leaves.  This  is  rather  a  violent  act, 
but  it  is  often  practised  by  the  natives  in  the  districts  where  the  tea 
bushes  are  commonly  injured  by  this  insect,  and  this  does  little  harm 
to  the  tea-plant  growth,  its  effect  being  rather  a  good  thing.  If  the 
badly  affected  tea  bush  is  left  naturally  or  only  the  twisted  leaves  are 
plucked  off  by  hand,  the  after-growth  of  the  bush  is  rather  poor  and 
there  come  no  good  crops. 

The  application  of  light-traps  is  recommended  by  some  entomolo- 
gists as  the  moths  are  attracted  by  it.  I  cannot,  however,  Tecommend 
it  accordiag  to  my  good  many  experiences.  My  observations  show 
that  the  moths  attracted  by  light  are  rather  few,  and  consequently 
that  the  expenses  do  not  bring  forth  sufficient  benefit. 

No.  SO.^AdoxopJiyes  fasciata,  Walam.= Archips  minor,  Shir.  (Hime- 
Hamaki.) 

This  species  was  first  brought  to  my  notice  in  the  year  1909,  when 
specimens  of  the  insect  were  received  from  the  district  of  Koroton  in 
Taichiu-Cho,  with  a  report  of  serious  damage  to  tea  bushes.  The  out- 
breaks are  rather  regular  in  that  district,  but  annually  the  damage 
done  by  this  pest  is  not  very  serious  throughout  the  tea  districts. 
When  some  tea  gardens  are  badly  infested  by  this  Tortricid,  these  are 
almost  always  followed  by  an  attack  of  the  preceding  species.  There 
are  many  other  plants  affected  by  this  caterpillar,  of  which  egg-plants, 
orange  and  mulberry  are  well  known  to  us  as  the  host-plants,  but  I 
have  never  seen  this  insect  on  those  plants  in  injurious  numbers.  When 
the  pest  is  at  its  worst,  the  leaf  is  sometimes  destroyed  over  a  whole 
garden,  resulting  in  a  serious  loss  of  flush. 

The  eggs  are  deposited  by  the  female  moth  on  the  upper  surface  of 
the  leaf  of  a  tea-plant,  as  in  Homona  menciana,  but  the  egg-mass  is  usually 
larger  than  the  latter  and  consequently  contains  more  eggs.  The 
caterpillar  is  rather  cylindrical  and  is  greenish  :  the  head  is  flat,  with 
.a  pale  yellowish  orange  tinge  but  it  is  rather  greenish  in  the  young 
VOL.  II  p 
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stages,  and  bears  black  or  dull  brown  or  sometimes  yellowish  browu 
ocelli,  tbe  apex  of  antennae,  and  mandibles.  The  first  somite  is  rather 
small  and  is  not  distinctly  chitiuized ;  each  of  the  other  somites  has 
about  eight  somewhat  g/eenish  tubercles  which  are  arranged  in  two  rows 
and  from  each  of  which  a  long  yellowish  hair  grows  right  up  ;  the  legs, 
prolegs,  and  anal  legs  are  all  of  the  same  colour  as  the  body,  the  anal 
ones  being  longer.  When  full-gro\vn  the  body-length  becomes  about 
15  mm. 

The  young  caterpillar  lives  in  the  rolled-up  leaves  and  eats  inside 
them,  but  after  the  second  moult  it  fastens  two  or  three  somewhat 
matured  leaves  or  folds  a  single  leaf  irregularly,  and  nibbles  them  from 
inside  of  the  shelter  here  and  there  as  in  the  preceding  species.  The 
larval  stage  occupies  more  than  two  weeks  at  any  season,  after  which 
the  catei-pillar  fastens  almost  always  two  leaves  firmly  together  (but 
on  the  mulberry  tree  or  egg-plant  folds  a  single  leaf  at  the  margin)  and 
turns  to  the  pupa  within. 

The  pupa  is  small  and  slender,  with  a  yellowish  brown  or  dull  brown 
tinge.  The  wing-sheaths,  with  the  rather  sharp  apex,  extend  to  the 
posterior  margin  of  the  third  abdominal  segment,  and  the  anteuual 
sheaths  do  not  reach  their  apical  extremities.  Each  dorsal  segment 
from  the  third  to  the  eighth  bears  a  blackish  transverse  carina  near 
the  anterior  margin  and  just  behind  this  is  a  row  of  many  minute  very 
short  spine-like  tubercles ;  after  the  middle  of  each  segment  there  is 
a  fine  blackish  transverse  carina.  The  anal  segment  is  produced  behind, 
and  the  apical  part  of  that  prolongation  is  depressed  and  is  sHghtly 
curved  below,  tmged  with  a  reddish  purple-brown  ;  the  dorsum  is 
concave,  bearing  two  yellow  hooks  at  each  side  and  four  in  the  middle 
of  the  apex,  while  the  venter  is  distinctly  transversely  furrowed  and 
bears  a  single  hook  near  the  end  of  its  furrow.  The  pupae  are  usually 
about  7  to  10  mm.  long. 

In  about  four  to  seven  days  after  pupation  the  moth  usually  appears^ 
though  one  of  my  observations  showed  that  twenty  days  elapsed  before 
emergence.  The  moth  is  commonly  foimd  from  May  to  July,  and  it 
is  attracted  by  light  as  are  other  moths. 

Nothing  can  be  added  to  what  was  said  under  the  previous  species. 
It  works  similarly  and  should  be  dealt  with  in  like  manner.  There  are- 
a  small  Ichneumon  fly  and  a  small  Tachinid  fly,  which  have  been  reared 
from  the  larvse  and  the  pupae  respectively. 

No.  21. — Clania  variegata,  Cram.     (OJio-Minoga.) 
This    Psychid   is    a  widely   distributed    species,    commonly   found 
throughout  the  whole  year,  and  it  sometimes  appears  in  very  injurious- 
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numbers  but  not  regularly.  This  pest  is  rather  attracted  to  Acacia 
sp.,  and  the  tea-plant ;  on  the  former  it  often  occurs  in  great  numbers 
so  that  there  are  no  green  leaves  on  all  the  trees  in  a  small  area,  e.g., 
in  the  year  1910  at  Pankio  in  Taihoku-Cho,  in  1912  in  a  certain  district 
of  Shinchiku-Cho  and  Kagi-Cho,  and  in  1914  at  Ako.  In  those  cases 
Acacia-t:i:ees    were    almost    always    withered  by    the    attack  of    this 


The  wingless  female  is  fertilized  by  the  male  in  the  case,  the  long 
protnisible  abdomen  of  the  male  penetrating  into  the  female-case  from 
above.  Eggs  are  laid  in  the  case,  the  female  gradually  shrioking  up  as 
the  eggs  fill  the  lower  portion  of  the  case.  The  number  of  eggs  deposited 
by  a  single  female  is  about  40  to  150,  each  egg  being  roundish  and  pale 
whitish  yellow.  One  to  three  weeks  after  the  eggs  have  been  laid  the 
caterpillars  hatch  and  soon  after  they  emerge  from  the  parent's  case 
and  make  their  own  little  cases  of  vegetable  matter  and  interwoven 
silk  ;  these  cases  are  extremely  tough  and  durable,  and  are  spindle- 
shaped.  At  first  the  young  larvae  spin  a  rather  broad  ring  formed  of 
small  pieces  of  finely  divided  under-epidermis  of  a  leaf  woven  by  means 
of  a  fine  silky  thread  sent  forth  from  their  mouths,  and  then  they  place 
their  head  in  the  ring-hole  and  thus  the  body  becomes  covered  with  the 
ring  cloth.  The  larvae,  after  the  first  moult,  grow  to  about  twice  or 
more  in  length.  Afterwards  the  larvas  bearing  the  complete  case  wander 
to  take  more  pieces  of  leaf  for  their  case,  here  and  there,  and  the  cases 
are  gradually  formed  completely,  with  small  pieces  of  leaf  (or  only  of 
the  under-epidermis).  The  caterpillars  eat  the  leaves  from  the  under- 
side, in  an  irregular  shape,  and  when  fully  fed  the  cases  are  firmly 
attached  on  to  the  under-side  of  the  mature  leaves  or  young  twigs  or 
other  suitable  places.  After  a  few  days  the  larvae  in  such  a  case  moult 
and  then  the  head  and  thorax  emerge  at  the  upper  end  of  the  cases. 
Again  the  larvae  wander  here  and  there  to  seek  their  food  or  some  covering 
matter  for  their  cases.  After  repeating  the  above,  the  larvae  become 
full-grown,  and  the  cases  grow  very  large  clothed  with  several  large 
pieces  of  leaves  and  a  few  leaf-stalks  or  short  (about  12  mm.  long  or 
less)  pieces  of  young  twigs.  At  last  the  full-grown  larvae  firmly  fasten 
their  cases  almost  always  on  the  twigs  and  pupate  in  them.  The  larvae, 
in  the  last  instar,  are  blackish  brown  ;  the  head  is  rather  semicircular, 
and  bears  a  few  fine  hairs  ;  the  dorsal  thoracic  somites  are  pale  yellow- 
ish, on  the  middle  there  is  a  blackish  longitudmal  stripe  from  the 
first  to  the  second,  which  is  inconspicuously  divided  into  two  lateral 
stripes  by  a  fine  whitish  middle  stripe,  while  at  the  side  there  are  irre- 
gular blackish  brown  flecks.  The  abdominal  portion  on  each  somite 
bears  8 — 10  shining  tubercles  from  which  spring  fine  hairs.     The  legs 
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are  well-developed  and  are  blackish  brown,  bearing  a  claw  on  each  one  ; 
prolegs  and  anal  legs  grow  a  little  and  are  like  short  protuberances. 
The  length  of  the  full-grown  larvae :  the  male  is  about  25  mm.;  the 
female  is  about  40  mm. 

The  pupae  of  the  females  are  cylindrical  in  shape,  with  both  ends 
narrowed  towards  the  extremities,  and  are  shining  reddish  brown  ; 
on  the  anal  end  there  are  three  fine  spines.  They  measure  about  30  mm. 
long.  In  the  male  they  are  purplish  black  :  the  head  is  slightly  produced 
forwards :  wing-sheaths  are  short,  leach'ng  the  posterior  margin  of 
the  second  abdominal  segment :  the  abdomen  is  paler  and  rather  tapers 
to  the  anal  end,  bearing  many  fine  irregular  transverse  carinas  which 
•do  not  appear  at  the  posterior  border  of  each  segment :  each  dorsal 
segment  of  the  abdomen  near  the  anterior  margin,  bears  a  row  of 
many  small  spine-like  tubercles  ;  the  anal  segment  is  somewhat  conical 
ju  shape,  bearing  two  rather  large  hooks  at  the  apical  extremity.  The 
length  is  about  19  mm. 

The  duration  of  the  larval  stage  is  about  from  nine  to  ten  months, 
after  which  the  larvae  turn  to  pupae.  The  moth  emerges  in  about 
30 — 40  days.  The  whole  life-cycle  occupies  about  a  year  ;  thus  there 
is  only  one  occurrence  in  a  year,  and  I  have  never  found  that  this  insect 
appears  twice  in  a  year  although  the  male  moth  or  female  adult  is 
found  in  several  months. 

The  food  plants  observed  in  Formosa  are  as  follows  :  Acacia  sp., 
tea,  camphor,  cotton,  grape,  vine,  orange,  pear,  Bischoffia  javanica,  rose, 
Eriobotnja  japonica,  Psidium  Guyava,  Eugenia  jambos,  Eugenia 
malaccensis  and  mulberry. 

The  effective  remedy  is  hand-picking  of  the  caterpillars  or  pupae 
or  the  females  living  in  the  cases  during  the  winter  time.  Two  Tachi- 
nidae  and  one  Ichneumonid  have  been  reared  from  the  pupae,  and  their 
destructiveness  is  rather  conspicuous  in  Formosa. 

No.  22. — Clania  destructor,  Dudg.  (Taiwan-Cha-BIinoga.) 
Tins  species  is  also  rather  common  throughout  the  island  of  Formosa. 
I  have  formerly  mis-identified  it  as  mimiscula,  Butl.,  but  it  is  easily 
distinguished  from  the  latter  by  its  large  size,  and  by  the  two  greyish 
median  stripes  on  the  thorax,  as  well  as  by  the  more  blackish  coloirring. 
This  insect  usually  attacks  the  tea-plant  and  Psidium  Guyava,  and  the 
former  is  often  seriously  damaged  by  it,  in  February  to  May,  so  that 
no  crops  can  be  plucked  from  a  small  area  of  a  particular  district. 

The  caterpillar  is  yellowish  brown,  with  the  head  pale  yellowish 
ornamented  with  many  small  irregular  blackish  brown  flecks,  and 
bearing  a  few  hairs ;  the  first  thoracic  somite  in  colour  is  similar  to  the 
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head,  with  two  distinct  rather  large  longitudinal  blackish  brown  dorsal 
■stripes  which  are  far  apart  from  one  another  on  the  anterior  border, 
and  with  many  minute  blackish  brown  dots  especially  on  the  side  : 
second  and  third  somites  blackish  brown,  with  three  narrow  yellowish 
longitudinal  stripes  on  the  dorsum.  The  abdomen  bears  18  brown 
tubercles  on  each  somite,  and  from  each  of  these  tubercles  a  fine  hair 
springs  out :  the  anal  somite  is  blackish  brown.  The  legs  are  blackish, 
bearing  a  strong  dark  castaneous  claw  on  each  one,  while  the  prolegs 
are  very  short  and  brownish.  The  full-grown  larva  measures  about 
25—35  mm.  in  length.  The  larva  lives  in  the  case  formed  of  longi- 
tudinally arranged  twigs  and  a  few  small  pieces  of  leaves,  these  twigs 
being  about  2^27  mm.  long.  The  effect  of  its  attack  on  the  bush  is 
very  similar  to  that  of  the  Variegated  Bag-worm,  destroying  com- 
pletely every  leaf  of  that  and  of  the  next  one  or  two  bushes.  After 
it  is  full-grown,  the  larva  turns  to  a  blackish  brown  (or  brownish  in  the 
female)  pupa  which  has  a  slight  purphsh  tinge,  inside  the  case.  Before- 
pupation  the  larva  firmly  fastens  the  case  to  a  twig  at  its  anal  end,  and 
the  pupa  always  rests  head  downwards.  The  pupa  of  the  male  is  slender, 
with  short  wing-sheaths  which  extend  below  to  the  posterior  margin 
of  the  third  abdominal  segment  ;  each  dorsal  segment  of  the  abdomen 
from  the  fourth  to  the  eighth  bears  a  row  of  many  minute  blackish 
spines  near  the  anterior  margin,  behind  that  the  surface  is  usually 
transversely  -WT-inkled  except  the  narrow  posterior  border  ;  the  anal 
segment  is  shghtly  curved  below  and  bears  two  short  but  stout  down- 
ward-directed spines  below  the  anal  extremity.  The  pupa  is  about 
11 — 13  mm.  1-ong.  In  the  female  it  is  much  larger  but  much  paler, 
and  is  spindle-shaped  ;  the  abdomen  bears  a  row  of  5 — 13  minute  less 
conspicuous  roundish  tubercles  on  the  dorsum  of  each  segment 
(from  the  fourth  to  the  eighth),  and  behind  that  the  side  is  very  finely 
transversely  striolate  leaving  the  rather  broad  posterior  border  ;  the 
anal  segment  bears  two  spines  quite  similar  to  those  in  the  male.  The 
length  is  about  16  mm. 

The  male  moth  is  commonly  found  in  March  and  April  in  the  district 
of  Taihoku-Cho,  but  it  can  be  found  nearly  throughout  the  whole  year 
from  the  North  to  the  South.  Owing  to  the  fact  that  the  larva  forms 
its  case  with  many  twigs,  it  is  almost  always  more  injurious  to  the  tea 
bush  than  is  the  preceding  Clania. 

The' remedy  for  this  insect  is  to  pluck  off  the  cases  and  destroy  them 
during  the  winter  time,  but  this  is  sometimes  very  heavy  work  in  the 
case  of  a  bad  attack.  In  such  a  case  the  whole  affected  bushes  are 
cut-off  near  the  soil-surface  and  the  cut-off  portions  are  burnt.  When 
only  a  few  plants  are  badly  attacked,  get  dry  straw  and  fire  them.     This 
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is  probably  the  quickest  and  safest  method  of  dealing  with  the  pest. 
We  must,  however,  take  care  for  the  season  of  the  tea-plant.  There 
is  a  Tachinid  fly  reared  from  the  pupa  of  the  female. 

No.  23. — MaJiasma  sp.     (Kuro-Minoga.) 
It  has  been  quite  recently  noticed  by  us  that  this  Basket-worm  is  a 
rather  common  insect  injurious  to  tea  bushes  in  the  several  districts  of 
Toyen-Cho. 

The  caterpillar  commences  its  career,  after  emerging  from  the  egg, 
by  covering  itself  with  a  few  minute  pieces  of  tea  leaf,  attached  by  one 
end  to  the  leaf.  They  are  at  first  conical  little  houses  standing  on  a 
flattened  base  and  not  more  than  6  mm.  in  size.  At  this  stage  they 
are  very  dangerous  and  spread  all  over  the  bushes  in  such  numbers 
that  they  may  be  said  ultimately  to  ruin  the  entire  foliage  of  a  bush, 
and  then  take  to  back.  As  they  grow  larger  they  seem  to  be  less  voraci- 
ous, and  the  bulk  of  them  disappear  by  some  means  or  other.  The  full- 
grown  case  is  about  40  mm.  long  and  nearly  20  mm.  broad,  and  is 
clothed  with  tea  leaves  each  united  by  its  lower  extremity,  the  upper 
and  lower  ends  being  free  and  spreading  outwards  from  the  bag.  The 
full-grown  larva  is  similar  to  that  of  the  preceding  Clania,  but  it  is 
rather  paler,  and  the  yellowish  stripes  on  the  thorax  are  rather  broad  but 
the  middle  one  is  somewhat  inconspicuous  ;  the  abdomen  bears  about 
ten  tubercles,  which  are  not  much  darker  than  the  colour  of  the  body, 
on  each  segment :  the  legs  are  paler  ;  the  length  is  about  23  mm. 
The  pupa  of  the  male  is  castaneous  brown  :  the  wing-sheaths  are  siort 
and  extend  to  near  the  posterior  margin  of  the  ventral  abdominal  seg- 
ment ;  the  second  and  fifth  segments  each  bears  a  row  of  minute  spines 
which  are  anteriorly  directed  at  the  posterior  margin,  and  on  the  third 
and  fourth  segments  there  is  a  row  of  minute  rather  inconspicuous 
tubercles  on  each  dorsum  near  the  posterior' margin,  while  each  of  the 
seventh  and  eighth  segments  bears  a  row  of  rather  conspicuous  hind- 
wardly-directed  spines  at  the  anterior  margin ;  the  anterior  two-thirds 
of  each  abdominal  segment  is  finely  transversely  striolate ;  the  apical 
segment  is  curved  below,  and  bears  two  sharp  distinct  spines  directed 
below,  and  just  before  their  bases  there  are  two  very  short  triangular 
processes.  The  length  is  about  11 — 13  mm.  The  female  pupa  is  not 
known. 

The  male  moth  has  uniformly  dark  brown  head,  thorax,  abdomen, 
and  forewings  ;  the  autenuEe  bear  rather  long  branches  decreasing  to- 
wards the  tip  ;  the  forewing  has  12  veins,  but  the  hindwing  has  8  veins  ; 
the  veinlet  in  the  discal  cell  is  forked  but  in  the  forewing  this  is  not 
conspicuous.     The  fore  tibia  bears  a  very  long  spine.     The  expanse 
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of  the  wings  is  27 — 30  mm.  The  male  moth  probably  appears  usually 
in  March  and  April,  according  to  my  investigation  last  year.  Occasion- 
ally, when  this  pest  is  allowed  to  spread,  it  may  become  exceedingly 
serious.  An  attack  is  on  record  where  on  an  experiment  garden  in 
Anpeichin  every  leaf  on  a  block  of  about  an  acre  was  destroyed  in  the 
manner  described  above.  This  may  be,  however,  not  a  permanent 
character,  and  the  damage  done  by  this  insect  is  usually  inferior  to  that 
of  Clania  destnictor. 

The  most  convenient  control-measure  is  hand-picking  the  cases 
during  the  early  spring.  Up  to  the  present  time,  only  two  parasites, 
one  being  a  rather  small  Tachinid  fly.  the  other  a  small  Ichneumon 
fly,  have  been  reared  from  the  larval  case. 

No.  24. — Diabasis  {?)  sp.     (Taiwan-Chibi-Miuoga.) 

This  small  Psychid  is  commonly  foimd  in  May,  throughout  Taiwan 
Island,  but  its  occurrence  is  not  abundant,  and  consequently  this  is  the 
least  serious  of  the  Psychid  pests  of  tea  in  Formosa. 

The  larval  cases  of  this  species  might  be  described  as  small  thorns 
about  10 — 12  mm.  long,  of  a  dull  grey  colour,  somewhat  pointed  at  the 
apex  and  shghtly  widened  below  but  not  into  a  circular  sucker-like 
mouth.  They  are  always  covered  with  many  small  fragments  of  tea- 
leaf  or  thin  bark,  but  never  carry  pieces  of  twigs  attached  to  them. 
The  caterpillars  attack  the  lower  or  sometimes  the  upper  side  of  the 
leaf  and  the  twigs,  and  eat  irregular  circular  spots  at  the  margins,  but 
when  they  are  quite  young  they  eat  the  lower  epidermis  in  irregular 
shape.  They  move  from  place  to  place  until  they  reduce  the  leaf  to 
a  mass  of  veins  with  some  green  surface.  After  the  leaves  and  the  buds 
have  all  been  destroyed,  they  come  down  to  attack  the  bark  and  eat 
the  surface  of  it.  There  is  a  countless  multitude  of  these  creatures  all 
■over  the  bush  and  within  a  few  weeks  it  is  damaged  almost  beyond 
repair  without  very  heavy  pruning,  but  this  only  happened  in  one 
case  which  I  met  in  Koshun  in  the  last  year. 

The  full-grown  caterpillar  is  about  8  mm.  long  or  more,  and 
is  brownish  except  the  head  and  thorax  which  are  dull  yellowish  ;  the 
head  and  thorax  have  a  few  inconsjjicuous  blackish  brown  flecks,  and 
each  segment  of  the  abdomen  bears  about  8  tubercles  from  which  arise 
fine  hairs. 

When  full-grown  the  caterpillars  almost  always  firmly  fasten  their 
cases  on  the  twigs,  and  hang  down  by  means  of  rather  stout,  about 
5  mm.  long,  dull-grey  prolongations  of  the  case.  At  that  time  the  shape 
of  the  cases  almost  always  become  slender  but  they  still  retain  their 
conical  shape.     The  pupa  of  the  male  is   castaneous,  and  is  7 — 8  mm 
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long.  The  wing-sheaths  reach  just  beyond  the  second  segment.  On 
the  fourth  and  fifth  abdominal  segments  there  is  a  row  of  minute  pro- 
cesses near  the  posterior  margin  of  the  dorsum  ;  the  seventh  and 
eighth  abdominal  segments  bear  a  distinct  row  of  tmy  spmes,  which 
are  directed  behind,  near  the  anterior  margin  of  the  dorsum  ;  each 
segment  is  finely  transversely  striolate  on  about  the  anterior  half  or  two- 
thirds  ;  the  anal  segment  is  strongly  curved  below  at  the  apex  which 
bears  two  rather  inconspicuous  short  processes  below.  It  is  a  constant 
character  that  the  old  skin  of  the  last-stage  larva  projects  at  right  angles 
for  nearly  its  whole  length,  the  anal  end  being  free  and  the  dorsum 
being  below,  but  not   quite   straight. 

I  have  as  yet  not  succeeded  in  breeding  this  species  throughout 
the  whole  life-cycle.     Picking  off  the  cases  is  the  only  control  measure. 

No.  25. — There  is  another  small  Psychid  pest  on  the  tea  bush,  found 
in  the  district  of  Koshun-prefecture,  in  October.  The  larval  case  is 
very  long  and  slender,  like  a  long  straight  spine,  and  is  about  25  mm. 
long  or  about  25  mm.  thick  at  the  base,  when  probably  full-grown. 
This  is  greyish  brown,  and  does  not  carry  fragments  of  leaf,  twigs  or 
bark,  but  is  composed  of  very  fine  vegetable  matter  and  of  silky  thread, 
the  numerous  very  fine  rings  being  connected  one  with  another.  These 
rings  cannot  be  distinctly  seen  with  the  naked  eye,  but  through  a 
microscope.  I  have  not  reared  the  moth  of  this  species,  and  it  is  not 
known  to  occur  on  any  other  plants.  It  is  probably  one  of  the  most 
minor  pests  of  the  tea-plant. 

No.  26. — Zeuzera  coffece,  Nietn.     {Kohii-Gomafu-Bokuto.) 

This  species  was  known  as  pyrina,  L.,  in  Formosa  for  a  long  time,, 
and  the  name  has  been  accepted  by  the  author. 

This  Cossid  is  found  in  May  throughout  the  island,  especially  in 
mountainous  districts,  but  its  occurrence  is  not  abundant.  I  reared 
this  insect  from  a  tea-trunk  only  once.  This  probably  shows  that  it 
is  not  a  serious  pest  of  tea  in  our  island. 

No.  27. — Eiiproctis  conspersa,  Butl.     {Cha-Dolctiga.) 

This  species  is  very  common  in  Formosa,  and  we  can  find  it  through 
the  who^e  year  on  tea-bushes. 

There  are  apparently  two  distinct  forms  of  the  caterpillar,  of  which 
the  first  form  is  yellow,  having  a  somewhat  pale  brownish  or  reddish 
dorsal  stripe  and  two  very  narrow  yellowish  white  subdorsal  stripes 
which  are  margined  with  a  blackish  tinge  at  the  thoracic  portion,  while- 
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the  second  form  is  rather  darker,  having  two  rather  broad  blackish 
(not  well-defined  nor  well-continued)  subdorsal  stripes,  which  are 
separated  into  two  (above  and  below)  by  a  fine  yellowish  white  stripe, 
and  a  narrow  pale  reddish  brown  dorsal  stripe  ;  in  this  second  form 
what  one  may  describe  as  the  dorsal  half  is  blackish  and  has  a  somewhat 
broad  yellowish  dorsal  stripe  and  very  narrow  yellowish  white  subdorsal 
stripes.  In  both  the  forms,  the  roundish  dorsal  tubercles  are  two  on 
each  abdominal  somite,  and  these  tubercles  on  the  first  and  second 
Tire  rather  connected  with  each  other  ;  just  below  the  subdorsal  stripe 
there  is  a  small  round  black  tubercle  on  each  abdominal  somite  ;  the 
first  thoracic  somite  bears  a  flat  and  broad  tubercle  just  below  each 
subdorsal  stripe  near  the  anterior  margin  ;  on  the  rest  there  are  two 
small  tubercles  at  the  side  of  each  somite,  one  being  just  below  the 
blackish  brown  stigma  and  other  above  the  base  of  the  leg.  The  dorsum 
of  the  thoracic  somites  bears  two  inconspicuous  tubercles  on  each 
section.  All  these  tubercles  bear  rather  long  but  rather  sparse  whitish 
or  brownish  erect  hairs,  but  on  the  large  dorsal  ones  there  are  short  dull 
orange-yellow  scale-like  hairs  intermixed.  The  head  is  pale  orange- 
yellow  ;  h\\  the  legs  are  rather  well-developed  and  coloured  as  the  body. 
When  full-grown  the  larva  measures  about  20 — 25  mm.  long. 

The  caterpillars  live  together  on  the  underside  of  the  leaf,  and  eat 
its  epidermis  or  chlorophyll,  but  the  leaf  is  not  perforated  right  through. 
After  the  third  moult  the  larvae  become  rather  active  and  feed  from 
the  margin,  the  entire  inter-cellular  tissue  of  the  leaf  being  eaten  away, 
and  only  a  skeleton  remains,  corresponding  to  the  midrib  and  veins. 
The  young  shoots  and  tender  leaves  are  very  often  attacked.  Owing  to 
this  insect's  very  irregular  occurrence  throughout  the  whole  year,  the 
tea-bush  very  often  suffers,  as  the  young  shoots  and  tender  leaves  one 
after  another,  as  they  come  out,  are  usually  attacked  by  it,  and  the 
tea  bush  is  often  defoHated  by  such  a  depredation.  When  full-grown 
the  caterpillars  almost  always  separate  and  come  to  a  suitable  shelter, 
between  the  twigs  or  under  the  fallen  leaves  or  others.  Afterwards 
they  begin  to  spin  thin  pale  brownish  somewhat  hairy  cocoons  in  which 
they  turn  to  yellowish-brown  or  blackish  pupse.  The  pupa  is  7 — 10 
mm.  long  and  2-8 — 3'2  mm.  wide,  and  is  covered  with  many  long  some- 
what golden-yellow  hairs  on  the  dorsum  especially  on  about  the  posterior 
half  of  the  abdomen.  The  wing-sheaths  are  large  and  extend  to  the 
fifth  abdominal  segment :  the  anal  segment  is  narrowly  produced 
behind  and  bears  several  slender  hooks  at  the  extremity.  The  dura- 
tion of  the  pupal  stage  is  from  7  to  18  days. 

The  moths  are  greyish-brown  in  both  sexes,  but  there  is  another 
form  of  the  male,  which  is  deep  smoky-brown,  with  the  head,  antennae. 
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legs,  and  wing-fi'inges,  yellow.  The  forewings  are  orange-yellow  at  tlie 
apex  and  near  the  posterior  angle,  the  apex  bearing  two  black  spots 
-which  are  sometimes  one  or  three  in  the  female  :  the  hind  wings  are 
orange-yellow  at  the  rather  broad  onter-margin :  antennae,  legs,  head, 
and  anal  tuft  are  orange-yellow  or  yellow  or  sometimes  yellowish  white. 
In  the  darker  form  the  forewings  bear  two  black  spots  at  the  apex  and 
are  blackish  at  the  middle  of  the  ciha. 

The  female  is  almost  always  fertihzed  by  the  male  only  one  day 
after  emergence,  and  in  three  or  four  or  sometimes  seven  days  it  usually 
begins  to  deposit  its  eggs  on  the  under-side  of  the  matured  leaf  in  a 
mass  which  contains  15 — 145  eggs,  covered  by  yellowish  hairs  from  the 
anal  tuft.  The  eggs  usually  hatch  in  about  ten  days  after  deposition 
m  April  or  May,  and  the  newly-hatched  caterpillars  live  together  near 
that  place  and  never  move  from  place  to  place  until  the  first  moult. 

The  whole  life-cycle  occupies  about  55  days,  according  to  only  one 
breeding  in  our  laboratory  in  Taiholai.  This  insect  is  mostly  attached 
to  the  tea  bush  ;  it  is,  however,  found  feeding  on  orange  and  Eriobotrya 
japonica  sometimes,  but  its  injuries  to  these  are  very  slight.  The  tea- 
farmers  generally  fear  this  creature  more  than  some  other  serious  pests 
of  the  tea-plant. 

Up  to  the  present  time  nothing  has  been  done  but  to  collect  and 
kill  the  caterpillars  or  eggs.  It  is,  however,  very  dangerous  to  do  it, 
as  the  poison  of  the  hairs  is  rather  strong  for  the  skin,  and  the  natives 
very  often  suffer  from  the  hairs  of  the  caterpillars.  At  one  time,  I 
used  several  contact  poisons  for  the  caterpillars  and  this  gave  rather 
good  effects,  but  further  trials  are  desirable. 


No.  28. — Euprodis  varians,  Walk.     {Hoshi-Jci-Dokuga.) 
This  has  been  first  mis-identified  by  the  author  as  E.flavinata,  Walk.,- 
and  I  now  correct  the  nomenclature  as  above. 

Although  this  species  is  found  throughout  the  issland  of  Formosa, 
it  is  a  rather  rare  Ljonantriad  there,  and  it  attacks  the  leaf  of  orange 
and  tea,  but  its  injuries  are  slight. 

The  larva  is  black,  with  a  reddish-yellow  lateral  stripe  just  below 
•the  stigmata  and  with  a  narrow  similar  coloured  dorsal  stripe  which 
appears  only  on  the  thoracic  portion  and  suddenly  widens  on  the  first 
thoracic  somite  ;  all  these  stripes  have  not  straight  margins  but  are 
irregularly  and  shghtly  notched  ;  on  each  somite  there  are  four  obUque 
narrow  reddish-yellow  flecks,  two  on,  the  dorsum  in  \/.-shape,  and 
another  two  on  the  side  from  the  lateral  stripe  near  the  anterior  margin, 
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and  there  is  a  narrow  interrupted  reddish-yellow  band  near  the  anterior 
margin  ;  these  flecks  and  bands  are  not  conspicuous  on  the  thoracic 
but  are  obsolescent.  The  venter  has  two  or  three  or  four  narrow 
reddish-yellow  flecks  on  each  somite  and  round  the  base  of 
each  proleg  or  leg  there  is  an  incomplete  reddish-yellow  ring.  The 
head  is  brownish-yellow,  bearing  sparsely  fine  pale  hairs.  The  first 
somite  has  two  large  conspicuous  black  protuberances  on  each  side, 
the  tufts  on  which  are  very  pale  brownish  and  somewhat  long,  and  on  the 
yellowish  dorsum  there  are  many  white  and  yellowish  hairs  intermixed ; 
the  second  and  third  somites  each  has  ten  roundish  yellowish  tubercles 
which  bear  short  whitish  hairs  ;  the  remaining  somites  have  eight  large 
roundish  brownish  tubercles  on  each  one  of  which  the  dorsal  four  are 
larger  than  the  rest  and  covered  with  rather  short  pale  brownish-yellow 
hairs  mth  a  few  whitish  ones  intermixed,  and  the  others  are  small  and 
not  roundish,  and  bear  longer  hairs  ;  all  tubercles  are  sxirrounded  with 
a  narrow  dull  orange-yellow  ring,  except  the  lowermost  one  on  each 
side  which  is  dull  orange-yellow.  Legs,  prolegs,  and  anal  legs  are  duU 
yellow,  slightly  infuscate,  the  legs  bearing  long  pale  castaneous  claws. 


The  full-grown  larva  measures  about  2-5  mm.  in  length. 


^ 


The  caterpillars  disperse  in  all  directions  in  two  or  three  days  after 
hatching,  and  usually  live  on  the  upperside  of  the  leaf,  eating  from  its 
margin.  When  full-grown  they  come  between  the  leaves  or  twigs,  and 
spin  a  dark  greyish  cocoon  which  is  very  sparsely  interwoven  with  the 
larval  hairs,  and  in  which  they  pupate  in  two  or  five  days.  The  moth 
is  well  attracted  by  light  and  the  female  deposits  her  eggs  on  the  upper 
surface -of  a  leaf,  in  a  mass  of  about  50 — 2-50  eggs  covered  with  hairs 
from  the  orange-yellow  anal  tuft.  The  egg  hatches  in  about  six  to 
•eight  days.  The  whole  hfe-eycle  occupies  about  forty  days  in  June 
or  July,  but  it  may  be  longer  in  early  spring. 

Nothing  for  the  control  can  be  added  at  the  present  time  to  what 
has  been  said  under  the  previous  species. 

No.  29. — Porthesia  montis,  Leech.  {Taiwan-ki-Dokuga.) 
This  species  is  almost  always  found  throughout  the  Island  of 
Formosa,  and  it  is  much  more  common  on  the  tea-plant  than  the  previous 
species,  but  its  attack  is  much  less  than  that  in  E.  conspersa,  Butl.  The 
food-plants,  found  up  to  the  present  in  Formosa,  are  as  follows  : — 
several  Cruciferse,  egg-plant,  potato,  Canavalia  ensiformis,  Pkaseolus 
vulgaris,  Gardenia  florida,  Ficus  carica,  Bcehmeria  nivea,  Spinacea  oleracea, 
Eriobotrya  japonica,  pear-tree,  Pnmus  communis,  peach-tree.  Primus 
mume,  rose,  orange,  Ricinus  communis,  grape,  cotton,  and  tea. 
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The  larva  is  dark  brown,  with  a  broad  yellow,  dorsal  stripe,  inter- 
rupted at  first  two  and  eighth  abdominal  somites,  and  separated  into 
two  by  a  narrow  reddish  stripe  which  becomes  blackish  on  the  thoracic 
segments,  and  with  two  narrow  pale-yellow  lateral  stripes  composed 
of  longitudinal  small  flecks,  situated  below  the  spiracles.  The  head 
is  dull  yellowish  and  bears  a  few  short  brownish  hairs  ;  the  first  thoracic 
somite  has  two  conspicuous  tubercles  on  each  side,  of  which  those  of 
the  upper  pair  are  long  and  about  twice  as  long  as  the  lower  ones,  and 
bear  dark  brown  hair  tufts,  while  those  of  the  lower  pair  are  yellowish 
and  covered  with  a  few  short  pale-brownish-yellow  hairs ;  on  each 
of  the  following  four  somites  there  are  ten  tubercles  of  which  the  dorsal 
two  on  the  first  and  second  abdominal  somites  are  conspicuously  large, 
toucliing  one  another  or  nearly  so  ;  the  remaining  somites  bear  very 
flat  tubercles  on  each  somite.  The  tufts  on  all  tubercles  are  brownish 
and  rather  sparse,  but  on  the  lower  ones  paler,  while  the  median  dorsal 
two  tubercles  on  each  of  the  first  and  second  abdominal  somites  are 
densely  covered  with  short  dull-yellowish-brown  hairs  intermixed  with 
long  blackish  hairs.  These  tubercles  are  pale  brown  or  blackish,  but  the 
lower  ones  are  somewhat  yellowish,  the  tubercles  just  below  the  spiracle 
surrounded  with  an  incomplete  red  ring.  The  first  and  second  abdo- 
minal somites  are  roundly  tinged  with  brown  in  the  middle  of  each 
one,  this  colour  containing  two  dorsal  tubercles  and  with  a  yellow 
margin  which  is  somewhat  continuous  with  the  dorsal  stripe  on  the 
preceding  and  following  segments,  and  in  the  yellow  side  there  is  a 
reddish  spot.  The  venter  is  pale  j^ellow  and  ornamented  with  a  few 
transverse  brownish  and  orange-yellow  flecks.  Legs,  prolegs,  and 
anal  legs  are  yellowish  irregularly  tinged  with  dark  grey.  The  full- 
grown  larva  is  about  25  mm.  long.  The  larva  before  the  first  moult 
is  yellow  with  a  blackish-brown  head. 

The  eggs  are  laid  by  the  female  on  the  underside  of  a  leaf,  in  a 
mass,  covered  with  hairs  from  the  orange-yellow  anal  tuft,  composed 
of  from  a  few  to  50  eggs.  The  number  of  eggmasses  deposited  by  a 
single  female  is  usually  two  or  three.  The  eggs  hatch  from  four  to 
twelve  days  after  deposition,  and  the  newly-hatched  caterpillars  live 
together  on  the  underside  of  the  leaf,  feeding  on  the  lower  epidermis, 
leaving  the  upper  epidermis  and  chlorophyll.  This  habit  continues 
for  a  long  time  until  after  the  second  moult  when  they  separate,  and 
eat  the  leaf  from  the  margin,  often  leaving  thick  veins.  The  cater- 
pillars sometimes  feed  upon  the  flowers  and  very  young  fruits.  Seven 
days  after  the}'  are  full-fed  the  caterpillars  pupate  in  a  somewhat  loose 
greyish  brown  cocoon  composed  of  silky  thread  and  hairs,  spun  on  the 
leaf  or  twig.     The  duration  of  the  pupal  stage  is  short.     During  the 
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summer  months,  the  moths  emerge  in  four  to  six  days  after  pupation, 
and  in  the  winter  in  from  ten  to  seventeen  days.  The  moths  are  well 
attracted  by  light.  The  larvae  almost  always  pass  through  four  moults 
before  becoming  full-grown,  but  rarely  five.  The  caterpillars  complete 
their  development  in  from  17  to  30  days,  each  instar  occupying  from 
two  to  nine  days.  The  whole  life-cycle  occupies  from  30  days  to  70 
days,  depending  on  the  time  of  year. 

I  have  no  records  that  tea  bushes  have  been  seriously  attacked  by 
this  pest  during  the  last  ten  years.  The  recommended  remedy  is  the 
collection  and  destruction  of  the  young  caterpillars  or  pupae. 


No.  30. — Orgyia  postica,  Walk.     (Koshirmnon-Dohiya.) 

This  species  is  commonly  found  throughout  the  whole  year  in 
Formosa,  but  its  attack  on  tea-plants  is  not  very  serious  as  it  rarely 
appears  abundantly  on  the  bushes.  It  has  been  noticed  that  the  food- 
plants  of  this  caterpillar  are  Cruciferse,  S-pinacea  oleracera,  potato, 
egg-plant,  Gordonia  anomala,  tea,  cotton,  grape-vine,  Sapium  sebifermn, 
Riciniis  communis,  rose,  orange,  peach,  Prunus  mitme,  Primus  communis, 
pear,  Eriobotrya  japonica,  Bcehmeria  nivea,  mulberry,  Ficus  carica, 
and  other  several  plants. 

The  eggs  are  spherical,  with  the  upper  side  shghtly  flat,  and  on  the 
upper  surface  there  is  an  inconspicuous  pale  brownish  ring,  but  the 
rest  of  the  surface  is  quite  smooth.  The  eggs  are  white  and  are  0-7  mm. 
in  diameter.  They  are  almost  always  laid  on  the  cocoon  of  the  female, 
in  very  irregular  masses  ;  they  hatch  in  from  seven  days  to  twelve 
days   after   deposition. 

The  larva  is  brownish-yellow  with  a  reddish-brown  head  and 
3rellowish-brown  legs  ;  the  first  somite  bears  a  long  dull  blackish  tuft 
projecting  forwards  on  each  side  near  the  anterior  margin,  a  similar 
but  paler  tuft  on  each  dorsal  somite  (11th  and  12th  somites)  ;  four 
very  compact  whitish-yellow  tufts  on  the  back  of  the  first  to  fourth 
abdoininal  somites,  while  on  each  side  of  the  first  and  second  abdominal 
somites  there  is  a  similar  but  very  narrow  tuft  ;  the  tubercles  on  each 
somite  are  eight  and  bear  sparse  yellowish  bristly  hairs  except  on  the 
tubercles  covered  with  the  tufts  mentioned  already  ;  the  sixth  and 
seventh  abdominal  somites  have  another  conspicuous  tubercle  which 
is  deep  red  and  is  placed  between  the  dorsal  tubercles  ;  the  subdorsal 
and  lateral  stripes  are  paler  but  rather  conspicuous,  and  the  venter  is 
still  paler.  The  duration  of  the  larval  stage  is  25 — 55  days.  The  full- 
grown  larva  measures  30 — 35  mm.  long. 
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Tlie  young  yellowisli  caterpillars  Kve  together  on  the  leaf,  and  eat 
it.  They  gradually  disperse,  here  and  there,  and  feed  on  the  matured 
leaf,  leaving  the  veins.  When  full-grown  they  begin  to  form  their  very 
loose  dull  yellowish-grey  cocoons  between  the  leaves  or  on  the  twigs, 
and  in  these  they  turn  to  hairy  pale-yellowish-brown  pupae  which  in 
the  female  are  very  roundish  without  wing-sheaths  or  other  appendages. 
The  duration  of  the  pupal  stage  is  from  nine  to  fourteen  days.  The 
male  moths  are  rather  active  and  are  attracted  by  light.  The  females 
are  wingless  and  are  very  pale  brownish  white,  covered  with  numerous 
short  soft  hairs.  They  deposit  their  eggs  in  two  to  five  days.  The 
whole  life-cycle  occupies  from  42  days  to  82  days. 

The  number  of  generations  annually  of  this  small  tussock-moth 
in  Formosa  is  probably  six  or  seven,  as  shown  in  the  following  table  : — 


Eggs 
deposited 

hafSd 

Larvw 
pupated 

Motlis 
emerged 

Length  of 
life-cycle 

Generation— 

Days 

1st        .         .         . 

30th    Decem- 
ber 1905. 

nth      Janu- 
ary 1906. 

7th       March 
1906. 

21st      .March 
1906. 

82 

2iid      . 

24th     March 
1906. 

25th       April 
1906. 

4th         May 
1900. 

42 

Srd       . 

7th  May  1906 

^^^^6.      ^^'' 

9th  June  1906 

18th      June 
1906. 

43 

4tli       . 

20th        July 

woe. 

27th        June 
1906. 

22nd        Julv 
1906. 

2nd  July  1906 

44 

5th       . 

■i;h     August 
1906. 

12th  August 
1906. 

9th      Septem- 
ber 1906. 

19th  Septem- 
ber 1906. 

47 

Oth       ... 

24th  Septem- 
ber 1906. 

4th     October 
1906. 

30th  October 
1906. 

nth  Septem- 
ber 1906. 

49 

1st       . 

25th  February 
1911. 

1st  April  1911 

5th  April  1911 

50 

and      . 

26th       April 
1911. 

16th       AprU 
1911. 

13th         May 
1911. 

18th         May 
1911. 

48 

3rd       . 

29th         May 
1911. 

4th  June  1911 

2Sth      June 
1911. 

2nd  July  1911 

40 

4th       . 

3rd  July  1911 

10th         July 
1911. 

21st     August 
1911. 

27th    August 
1911. 

61 

5th       . 

8th    Septem- 
ber 1911. 

17th  Septem- 
ber 1911. 

26th  October 
1911. 

2ud    Novem- 
ber 1911. 

61 

Cth       . 

4th     Novem- 
ber 1911. 

6th     Novem- 
ber 1911. 

12th    Decem- 
ber 1911. 

21st    Decem- 
ber 1911. 

53 

7th       . 

25th    Decem- 
berl911. 

13th      Janu- 
ary 1911. 

22nd    Febru- 
ary 1911. 

2nd       March 
1911. 

73 

This  caterpi 

liar  is  not  active  but  rather  sluggish,  and  I 

lave  never 

seen  this  insect 

in  very  inj 

irious  num 

)ers  in  any 

year.     Col 

ection  and 

destruction  of  the  cocoons  and  eggs  are  the  only  efficacious  control 
measure. 
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No.  31. — Dasycliira  mendosa,  Hubn.     [Mikan-Dokitga.) 

The  caterpillar  of  this  tussock  moth  was  first  found  in  the  Taihoka 
district,  feeding  on  the  leaf  of  an  orange-tree,  in  December  of  the  year 
1911.  It  is  very  probable  that  this  caterpillar  almost  always  occurs 
throughout  the  whole  year  in  nearly  all  parts  of  the  Island,  and  it  attacks 
the  leaves  of  Asparagus,  Fliaseolus  vulgaris,  Ficu^  carica,  Ficus  retusa, 
Acacia  sp.,  mulberry,  orange,  and  tea.  Although  very  rarely  prevalent 
to  such  an  extent  as  to  occasion  much  anxiety,  it  may  be  regarded  as 
rather  abundant  and  the  most  widely  distributed  of  all  Formosan  cater- 
pillar tea-pests.  The  caterpillars  are  not  usually  found  by  the  natives 
as  they  feed  for  the  most  part  during  the  night  and  hide  below  the 
undersurface  of  the  leaf. 

The  caterpillar  in  colour  varies  to  a  great  extent  from  pale  yellowisk 
to  steel-grey,  with  the  head  deep  black  (until  the  third  moult)  to  reddish. 
The  first  thoracic  somite  is  ornamented  with  five  rather  distinct  flesh- 
red  longitudinal  stripes  surrounded  by  yellowish  lines,  and  bears  a  long 
greyish  black  tuft  on  each  side  projecting  forwards.  The  short  compact 
dorsal  tufts  are  three  and  whitish  or  greyish  until  the  third  moult,  and 
afterwards  they  become  four  and  brownish,  yellowish  brown  or  whitish, 
but  on  the  fourth  abdominal  somite  the  tuft  is  less  prominent.  The 
"lateral  tuft  on  the  first  abdominal  somite  is  usually  white  and  con- 
spicuous but  when  full-grown  it  becomes  less  con.spicuous  ;  on  the  second 
it  is  bunch-hke  and  is  black.  The  anal  tufts  are  two,  conspicuous 
and  greyish.  The  tubercles  on  each  somite  are  eight  and  red  but  the 
lower  pair  is  paler,  and  the  sparse  tufts  projecting  from  them  are  whitish 
or  yellowish.     When  full-grown  it  is  about  30  to  35  mm.  long. 

The  caterpillars  live  together  on  the  underside  of  the  leaf  until  the 
second  moult,  and  afterwards  they  gradually  disperse  here  and  there. 
They  eat  the  leaf  along  the  margin  and  when  full-grown  they  spin  their 
elliptical  dirty-white  cocoon  composed  of  fine  silky  thread  and  hairs. 
The  pupa  is  blackish  brown  ;  the  wing-sheaths  reach  to  the  fifth  abdo- 
minal segment ;  each  abdominal  segment  bears  short  pale-yellowish 
hairs  which  become  a  compact  mass  on  the  second,  third,  and  fourth 
dorsal  segments ;  the  anal  segment  is  triangular  and  projects  hind- 
wards,  and  bears  a  few  spines.  The  length  of  the  pupal  stage  is  from 
about  12  days  (male)  to  about  19  days  (female). 

Four  to  twenty-nine  days  after  pupation  the  moth  emerges  and  the 
female  .deposits  her  eggs  (about  two  or  three  hundred)  on  the  leaf- 
surface,  not  in  a  cluster  but  slightly  covered  with  hairs.  The  duration 
of  the  egg-stage  is  from  four  days  to  eleven  days,  and  that  of  the  larval 
stage  is  from  22  to  29  days. 
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This  insect  probably  has  five  or  six  generations  in  a  year,  and  the 
whole  life-cycle  occupies  35 — 54  days.  The  following  table  summarizes 
the  actual  breeding  in  the  laboratory  in  Taihokii. 


aep"<lf^d 

Larvae      1 
emerged 

Cocooned 

Moths 
emerged 

Duration  of 
life-cycle 

(Jcucration— 

Days 

1st       . 

10th  February     9th      March 

4th         April 

54 

2na       . 

5tli          April 

16th       April      loth         May 

20th         May 

4« 

:irtl 

22nd         May 

29th         May 

20th        June 

24th        June 

34 

4tli        . 

25th        June 

29th        June 

25th         July 

1st       August 

:5S 

5tli 

26tli   October 

2nd     Novoni- 
ber. 

Control-measures  are  the  same  as  in  the  preceding  species. 


No.  32. — Dasychira  dudgeoni,   v^vcmh. z=OTgyia    vindescens,  [nee  Walk.] 
Shir.  {Momo-Golojga.) 

This  species  is  commonly  found  in  Formosa  throughout  the  whole 
year,  and  it  occurs  somewhat  abundantly  on  the  tea-plant.  The  other 
food-plants  are  peach,  Pruniis  munie,  Pntni(s  communis,  orange,  rase, 
.  and  mulberry,  and  on  the  last  this  is  the  rarest  of  all  the  caterpillar 
mulberry  pests. 

About  two  or  three  hundred  eggs  are  deposited  irregularly  by  the 
parent  on  the  leaf-surface  in  a  single  layer.  They  are  pale  yellowish 
brown  and  spherical,  the  free  surface  being  slightly  depressed  in  the 
middle  and  the  attached  surface  more  or  less  flat ;  they  measure  about 
0-6  mm.  in  diameter.  In  the  winter  season  about  12  days  after  eggs 
have  been  deposited  the  larvas  emerge  and  immediately  eat  the  leaf, 
gathering  on  the  leaf,  but  they  disperse  here  and  there  after  a  few  days. 
The  caterpillars  are  very  active  and  feed  on  several  leaves  along  their 
margins,  leaving  the  midribs,  in  the  daytime  or  at  night.  I  have  never 
met  the  fact  that  this  caterpillar  defoUates  the  bush  over  a  large  patch- 
of  tea-garden,  and  its  injuries  may  be  less  than  in  Eirproctis  conspersa. 

The  larva,  in  the  first  instar,  is  pale  greenish-grey  with  a  dark  tinge 
on  the  dorsum,  with  the  head  black  ;  on  each  somite  there  are  ten 
tubercles  from  which  project  short  blackish  hairs,  each  of  the  lateral 
tubercles  bearing  two  long  white  hairs,  and  the  pair  at  the  apical  margin 
of  the  first  thoracic  somite  with  a  long  tuft  projecting  forwards.  It 
grows  up  to  about  .3  mm.  long.  After  the  first  moult,  the  caterpillar 
becomes  about  6  mm.  long,  when  full-fed,  and  on  each  of  the  first  and 
second  abdominal  somites  there  appears  a  compact  black  tuft,  and  on 
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each  somite  from  the  third  to  seventh  abdominal  somites  two  black 
spots  appear.  When  the  larva  has  moulted  twice  it  becomes  greyer 
but  the  blackish  colour  still  remains  on  the  dorsum  especially  on  the 
abdominal  somites.  The  first  thoracic  somite  has  ten  tubercles  of 
which  the  six  at  the  apical  margin  of  the  dorsum  bear  fine  white  hairs, 
projecting  forwards,  and  the  upper  one  on  each  side  bears  a  smoky- 
coloured  very  long  tuft  of  narrow  feather-hke  hairs  projecting  obliquely 
forwards,  the  lower  one  bearing  a  few  white  hairs.  The  three  long 
compact  yellowish-brown  dorsal  tufts  become  conspicuous  and  between 
them  there  are  two  large  black  spots.  The  fourth  and  fifth  abdominal 
somites  have  a  red  spot  on  each  side  near  the  apical  margin  ;  the  sixth 
and  seventh  abdominal  somites  bear  a  somewhat  large  consi)icuous 
pale  yellow  protuberance  in  the  dorsal  middle  of  each  somite.  On 
the  tubercles  of  the  anal  somite  there  are  long  pale  smoky  hairs  hori- 
zontally projecting  hindwards.  The  three  lateral  remaining  tubercles 
each  bears  sparse  but  numerous  long  greyish-white  hairs  but  on  the 
upper  pair  there  are  a  few  dark  hairs  intermixed,  and  on  the  eighth 
and  ninth  abdominal  somites  long  blackish  brown  hairs.  When  full- 
fed  it  becomes  about  14  mm.  long.  The  caterpillar  of  the  fourth  instar 
is  C|uite  similar  to  that  of  the  third  and  becomes  about  25  mm.  long. 

The  last  instar  is  greyish-white,  with  numerous  scattered  very  minute 
inconspicuous  darker  dots  on  the  dorsum,  with  the  head  yellowish 
brown.  The  three  lateral  tubercles  bear  long  whitish  tufts  projecting 
shghtly  forwards  and  below,  of  which  the  upper  pair  are  intermixed 
with  two  or  three  blackish-brown  long  bristles.  The  four  dorsal  tuber- 
cles on  the  thoracic  segments  bear  a  few  long  pale  yellowish-grey  sparse 
tufts  intermixed  with  only  one  black  hair  and  projecting  slightly 
forwards.  The  dorsal  compact  pale-yellowish-grey  or  pale-yellowish- 
white  tufts  become  four  in  number,  of  which  the  second  one  is  longest 
and  the  fourth  is  shortest.  The  dorsal  tubercles  of  the  remaining 
abdominal  somites  bear  very  few  short  inconspicuous  hairs  but  on 
the  eighth  somite  there  is  a  very  long  dense  yellowish  brown  tuft  and 
on  the  anal  segment  there  are  numerous  long  white  hairs.  The  two 
dorsal  black  spots  are  the  same  as  in  the  previous  instar.  When  full- 
grown  the  caterpillar  measures  about  40  mm.  long. 

The  duration  of  the  larval  stage  is  about  50  days  in  the  winter  time, 
but  it  may  be  less  in  other  seasons  than  that. 

When  full-grown  the  caterpillar  spins  a  very  loose  whitish  cocoon 
between  two  leaves,  in  which  it  turns  to  a  blackish-brown  pupa.  The 
pupa  is  from  18  mm.  (male)  to  22  mm.  (female)  long,  with  rather  short 
wing-sheaths  which  extend  down  to  the  posterior  margin  of  the  fourth 
abdominal  segment,  covered  with  short  whitish  hairs  ;  the  hairs  on  the 
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tirst  to  third  abdominal  segments  are  very  short  and  form  a  roundish 
patch.  There  are  a  few  blackish  hairs  on  the  dorsum  of  the  anal 
segment  which  is  conical  and  bears  a  few  short  brown  spines.  After 
pupation  the  moth  emerges  in  about  five  days  in  the  spring,  and  it  is 
only  active  at  night  especially  shortly  after  sunset,  being  attracted  by 
light.  The  whole  Ufe-cycle  occupies  about  83  days  from  December  to 
March,  but  the  number  of  generations  annually  is  not  known  yet. 

Collection  of  the  egg-masses  or  newly  hatched  larva  or  cocoons 
is  the  only  recommended  control-method,  up  to  the  present  time.  We 
reared  two  Tachinids  from  the  pupae,  one  being  larger  and  yellowish 
and  the  other  greyish.  Both  the  flies  are  not  identified  yet,  and  they 
-probably  serve  as  a  medium  of  natural  control. 

No.  33.—Redoa  cyanea,  Mo.     {Cha-Shiro-Dokuga.) 

This  Lymantriad  is  a  rather  common  pest  of  the  tea-bush  through- 
out the  tea  districts,  but  I  have  never  seen  the  caterpillars  in  a  serious 
number  on  tea-plants. 

The  white-haired  blackish  caterpillar  lives  on  the  leaf,  and  eats 
along  the  margin,  leaving  the  veins,  especially  the  mid-rib.  It  has 
six  fine  interrupted  white  stripes  through  the  whole  length  and  two 
narrow  reddish-yellow  transverse  bands  on  each  dorsal  somite  which  do 
not  appear  on  the  first  thoracic  somite  and  on  the  following  two  are 
rather  inconspicuous,  and  which  become  one  yellowish-white  band  on 
the  anal  somite  :  the  yellowish  tubercles  on  each  somite  are  twelve, 
arranged  in  two  ill-defined  transverse  rows  and  bearing  rather  long 
white  hairs  which  become  shorter  and  sparser  on  the  four  dorsal  ones ; 
the  head  is  black,  with  yellowish  mouthparts  ;  the  legs,  prolegs,  and 
anal  legs  are  smoky  brown,  but  at  the  innerside  yellowish  ;  the  venter 
is  dark  smoky  brown  throughout. 

^Vhen  full-grown  this  handsome  caterpillar  twists  one  or  more  leaves, 
and  comes  under  the  shelter,  and  pupates  there  without  any  cocoon. 
The  pupa  is  yellowish-white,  and  is  very  sparsely  covered  with  fine 
whitish  hairs  all  over  the  surface ;  the  anal  process  is  reddish-brown, 
bearing  a  few  short  hooks.     It  is  about  12  mm.  long. 

After  pupation  the  moth  emerges  in  from  six  to  thirteen  days,  and 
the  female  deposits  her  eggs  (about  30  to  60)  on  the  leaf  in  an  irregular 
mass  in  a  single  layer.  The  eggs  are  apparently  larger  than  in  the 
other  Lymantriadae  described  already,  and  the  free  siuface  is  shghtly 
depressed  in  the  middle.  The  tiny  caterpillars  emerge  in  about  seven 
days  after  deposition.  Soon  after,  they  disperse  here  and  there,  and 
begin  to  eat  the  leaf. 
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The  whole  life-cycle  occupies  about  40  to  85  days.  This  species 
is  probably  one  of  the  minor  pests  of  tea-plant,  and  destruction  of  the 
egg-masses  is  an  easily  practised  control-measure. 

No.  34. — Thosea  sinensis,  Walk.     [AhiJioslii-Iramushiga.) 

In  Formosa  this  species  was  first  described  by  the  author  as  a  new 
■species  belonging  to  the  genus  Susica  in  the  year  1912,  but  after  careful 
studies  he  found  that  it  is  the  same  as  TJiosea  sinensis,  Walk.,  but  there 
is  a  little  doubt  of  the  genus. 

The  Nettle-grub  is  commonly  found  on  the  tea  bush  throughout  the 
Northern  belt  of  Formosa,  but  it  has  not  been  noticed  as  doing  much 
damage.  It  also  attacks  orange  and  Acacia  sp.;  it  is,  however,  a  very 
nun  or  pest  of  these. 

The  larva  is  one  of  largest  Formosan  Limacodidse,  and  is  a  rather 
active  (for  this  group)  fleshy  green  caterpillar  with  a  white  dorsal  stripe 
bordered  with  a  green  tinge,  and  with  four  pairs  of  red  dot-like  spots, 
and  with  red  spiracles  on  each  side.  There  are  two  rows  of  small  tuber- 
cles bearing  short  stinging  spines  on  the  back,  and  on  each  side  a  very 
conspicuous  series  of  spines  set  the  whole  length  of  the  body.  This 
caterpillar  appears  in  May  or  September  in  the  Plains,'  and  the  pest 
is  at  its  height  during  the  next  one  or  two  months  and  often  into  the 
cold  weather  in  December  and  even  later. 

When  full-grown  the  caterpillar  measures  about  30  mm.  in  length, 
and  about  15  mm.  in  width.  The  dorsum  is  broadly  longitudinally 
■elevated  at  the  middle  throughout  the  whole  length,  this  elevation 
being  greatest  at  about  one-third.  The  head  is  comparatively  small 
and  brown  ;  the  first  somite  is  almost  always  hidden  below  the  second 
somite.  The  dorsal  stripe  is  yellow,  and  is  bordered  A\-ith  a  greenish- 
white  stripe  at  the  side,  this  greenish-white  stripe  being  cujved  at  each 
segmentation.  On  each  somite  from  the  second  to  eleventh  there  are 
four  tubercles  of  which  the  lateral  pair  are  conspicuous  and  somewhat 
conical,  bearing  a  long  tuft  of  thick  spines  from  which  project  the  black 
and  yellowish  green  stinging  bristles  ;  the  dorsal  pair  are  small  and 
from  each  tubercle  projects  eight  (on  an  average)  green  spines,  tipped 
with  a  yellowish  tinge,  which  bear  tiny  black  bristles.  On  the  twelfth 
somite  there  are  two  large  tubercles  wliich  bear  spines  and  bristles 
similar  to  the  others,  and  are  larger  than  those  at  the  side.  The  red 
dorsal  spots  are  usually  seven  to  eight  pairs  in  number  but  sometimes 
only  one  pair,  the  third  pair  being  largest  and  most  conspicuous. 

The  larval  stage  occupies  about  53  days  in  the  summer  season,  and 
about  65  or  more  days  in  the  winter  time.  The  full-grown  caterpillar 
almost  always  comes  down  to  the  ground  and  begins  to  make  a  brownish 
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cocoon  which  is  exactly  hke  a  tea-seed  both  in  shape  and  size  but 
usually  greyer,  and  is  buried  in  the  soil  about  half  an  inch  or  more 
deep  under  the  bushes.  It  is,  however,  very  rarely  formed  on  the- 
plant,  between  the  leaves,  where  it  remains  for  about  one  month  (or 
two  or  more  months  in  the  winter  time),  after  which  the  moth  emerges. 
So  far  as  we  can  make  out,  there  are  two  broods  per  annum,  the  whole 
life-cycle  occupying  about  four  (or  eight)  months.  The  following  table 
shows  one  of  my  actual  rearings  summarized  very  briefly  : — • 


hatchi-d 

First 
moult 

Secomi 
moult 

Third 
moult 

moult              t'o'"™^* 

Moths 
emerged 

13th   May 

21st  May 

27tli          May 

21st        June 

29th        June     10th        July      10th  August 

The  caterpillar  lives  solitarily,  and  is  never  gregarious  even  when 
newly  hatched,  and  eats  the  leaf  from  the  top  margin.  I  have  no 
record  of  the     serious    occurrence  of   this   pest   on    tea   or   even    on 


I  reared  28  small  greyish-black  Tachinid  flies  from  a  nearly  full- 
grown  caterpillar  ;  the  parasite  may  be  one  of  the  efiective  natural 
enemies. 

No.  S5.^Thosea  castanea,  Wilem.     (Tahcan-Hvne-Iraga.) 
This  Limacodid  moth  is  commonly  collected  in  April  or  May  in  the 
districts  of  Taihoku-Cho,  but  it  is  knowTi  that  this  insect  very  rarely 
attacks  the  tea-bush,  with  onlj-  one  instance  in  the  field  of  the  Agricul- 
tural Experiment  Station,   Government  of  Formosa,   Taihoku. 


No.  36 .—Ortlwcras'peda  trima,  Mo.^  Thoseoides  fasciata,  Shir.  {Obi- 
Iraga.) 

This  Limacodid  caterpillar  is  found  from  February  to  October  on 
tea  or  orange  or  rarely  on  mulberry,  but  its  injury  is  not  usually  serious 
to  any  plants. 

The  pale  yellowish  eggs  are  singly  laid  by  the  female  moth  on  the 
leaf,  and  are  elliptical  and  slightly  flat,  covered  with  a  few  anal  tuft- 
hairs.  The  full-grown  caterpillar  measures  about  15  mm.  in  length, 
with  a  broad  smoky-black  dorsal  stripe  which  becomes  very  wide  from 
the  first  somite  to  the  fourth  somite,  and  bears  a  similar  coloured  branch 
on  each  side  of  the  ninth  somite.  This  broad  blackish  band  separates 
into  lateral  two  b}'  a  narrow  interrupted  white  median  dorsal  stripe 
which  on  the  third  and  fourth  somites  surrounds  the  dorsal  tubercles. 
On  each  somite  there  are  four  tubercles  of  which  the  dorsal  two  are 
small  and  bear  short  blunt  spines,  while  the  lateral  pair  are  long,  project 
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ing  laterally,  conical,  and  bear  black-tipped  spines.  The  dorsal  tuber- 
oles  on  tlie  fifth  to  the  eighth  somites  are  reddish  brown,  on  the  third 
to  the  fourth,  the  ninth,  and  tenth  somites  white  ;  the  lateral  tuber- 
cles on  the  fifth  to  the  eighth,  tenth,  and  eleventh  somites  are  pale 
greenish  ;  the  remaining  tubercles  are  black.  The  first  somite  is  brown 
and  the  head  is  blackish  brown. 

The  caterpillar  almost  always  lives  singly  on  the  upperside  of  the 
leaf,  and  eats  it  from  the  margin,  the  trace  of  the  eating  being  nearly 
straight.  'When  full-grown  it  begms  to  form  a  hard  brown  short- 
elliptical  cocoon,  between  the  leaves  or  on  the  underside  ol  the  leaf, 
which  is  usually  covered  with  a  very  loose  blackish  brown  silky  thread. 

This  insect  probably  has  three  generations  in  a  year,  as  the  moths 
of  the  first  brood  appear  in  February  or  March,'  of  the  second  in  April 
to  July,  and  of  the  third  from  October  to  December  ;  the  larval  stage 
occupies  about  35 — 45  days. 

The  one  remedy  is  to  collect  the  caterpillars  and  the  cocoons, 
especially  the  latter ;  during  the  winter  season  is  the  most  effective 
time  for  this. 

No.  37. — Canea  bilinea,  Walk.  (Futasuji-Iraga.) 
The  eggs  of  this  species  have  not  yet  been  observed,  but  they  are 
probably  laid  upon  the  surface  of  the  leaf.  The  caterpillar  is  similar 
to  that  of  TJiosea  sinensis,  but  it  is  smaller  and  flatter.  The  dorsum 
has  a  very  broad  white  longitudinal  band  and  on  that  band  there  is 
a  narrow  pale  yellowish-red  dorsal  stripe  which  becomes  wide  at  the 
segmentations.  The  duration  of  the  larval  stage  is  about  30  days  in 
March.  The  full-grown  larva  measures  from  20  mm.  to  25  mm .  in 
length.  The  cocoon  is  pale  purplish-brown  and  is  covered  with  a  thin 
white  skin ;  the  length  is  about  nine  to  eleven  millimeters,  and  the 
width  is  about  8 — 10  mm.  It  is  almost  always  attached  to  the  upper- 
side  of  the  leaf.  About  21  days  after  the  cocoon  has  been  formed, 
the  moth  emerges  from  the  pupa. 

I  first  noticed  this  pest  on  orange  in  March  of  the  year  1912,  at 
Taihoku-prefecture,  and  afterwards  my  assistant  found  it  on  tea  bushes 
in  March  of  the  year  1915,  at  Toyen-prefecture.  In  both  cases  the 
damage  done  was  not  of  a  permanent  nature  ;  but  on  the  latter  the 
caterpillars  ate  out  almost  every  vestige  of  green  leaf  and  five  whole 
bushes  were  stripped  almost  bare.  This  shows  that  this  Limacodid 
is  not  a  serious  pest  to  orange  or  even  to  tea. 

The  destruction  of  the  cocoons  is  much  the  reliable  remedy  for  this 
pest. 
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No.  38. — Nagoda  nigricans,  Mo.    (Mikan-Iraga.) 
This  Limacodid  moth  usually  appears  in  the  winter  time,  through - 
oufr  the  Island  of  Formosa,  and  the  eggs  are  probably  laid  on  the  surface 
of  the  leaf,  about  four  or  five  at  a  time.     - 

The  young  caterpillar  lives  on  the  leaf-surface,  and  eats  its  epidermis 
and  chlorophyll,  leaving  the  lower  epidermis,  but  soon  after  it  feeds 
on  the  leaf  from  the  top-margin  or  lateral  margin,  as  other  Limacodidse. 
The  growth  of  the  larva  is  very  slow,  as  the  duration  of  the  larval  stage 
is  about  120  days ;  after  that  it  begins  to  form  a  white  spherical  cocoon 
between  two  leaves  and  turns  to  the  brown  pupa.  This  cocoon  measures 
about  7-5  mm.  (male)  or  13  mm.  (female)  in  length  or  about  6  mm. 
(male)  or  10  mm.  (female)  in  width.  Specimens  kept  in  captivity 
remained  as  cocoons  for  about  230  days  throughout  the  summer  season. 
The  pest  has  only  one  generation  in  a  year.  The  actual  data  of  the 
breeding  m  the  laboratory  in  Taihoku  are  shown  in  the  followmg 
table  : — 


hat'clied 

First 
moult 

Second 
moiUt 

Thinl 
moult 

Fourth 
moult 

C'ocooned 

Motlis 
emerged 

Srd    Decem- 
ber 1911. 

11th  Decem- 
ber 1911. 

28th   Decem- 
ber 1911. 

14th  Jami- 
.iry  1912. 

7th  Febru- 
ary 1912. 

30th      SLirch 
1912. 

20th  Novem- 
ber 1912. 

The  full-grown  caterpillar  is  eUiptical  and  strongly  convex  back- 
wards, without  distinct  segmentations.  This  greenish  larva  is  smooth,, 
with  five  pale  whitish  stripes  and  between  each  stripe  there  is  one  wavy 
white  stripe  (six  in  total)  throughout  the  whole  length.  The  venter 
is  pale  yellowish-green,  with  three  pairs  of  tiny  conical  legs  which  bear 
a  bro^Ti  hook  and  two  spines  on  each  apex.  The  head  hides  under  the 
first  somite  and  the  mouthparts  often  protrude  forwards.  The  spiracles 
are  pale  yellowish-white  ;  the  first  somite  is  well-developed  and  is  pale 
blue.     It  measures  about  15 — 18  mm.  in  length. 

This  pest  is  almost  always  neglected  by  the  natives  but  the  damage 
done  is  rarely  serious  to  the  tea-bush  although  it  is  a  rather  minor  pest 
of  the  orange-tree.  The  destruction  of  the  caterpillars  in  December 
and  the  collection  of  the  cocoons  in  the  summer  season  form  the  most 
reasonable  remedy. 


No.  o9.—Narosa  nitohei,  Shir.     {Kcnashi-Skiro-Iramushiga.) 
This  species  is  not  commonly  found  throughout  the    Island,  but  its 
occurrence  is  restricted  to  the  upper  half  of  the  island  according  to  our 
investigations,  and   the  moth   appears  from   March   to  May   or  from 
October  to  December. 
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I  have  not  observed  the  eggs  of  this  species  but  they  are  probably 
deposited  by  the  female  on  the  upper    surface  of  the  leaf  of  a  tea-plant  ■ 
or  orange-tree,  one  or  two  ou  each  leaf.     The  newly  hatched  caterpillar 
eats  out  the  upper  epidermis  of  the  leaf,  and  after  it  has  grown  larger 
the  larva  eats  out  almost  every  vestige  of  green  leaf  from  the  margin. 

We  can  almost  always  find  one  to  four  caterpillars  on  a  twig  and 
one  or  sometimes  two  or  more  on  a  leaf.  When  full-grown  the  cater- 
pillar begms  to  form  the  whitish  small  cocoon,  between  the  leaves, 
and  this  is  sometimes  greyish  and  covered  with  pale  brownish  thread. 
The  following  table  shows  our  actual  breeding  data,  but  each  brood 
was  not  continued  as  the  eggs  were  not  deposited  by  the  females  in 
several  cases. 


hatchec 


observed. 
7th        April 


The  above  table  shows  that  this  insect  has  about  two  generations 
per  annum,  and  that  the  whole  life-cycle  occujjies  about  110 — 180  days. 

This  insect  is  probably  one  of  the  minor  pests  of  the  tea-bush,  and  the 
collection  of  the  cocoons,  and  of  the  caterpillars,  are  the  recommended 
remedies. 


No.  40. — Amata  perixanthia,  Hamps.     {Mikan-Kanoko.) 
This  species  is  a  widely  distributed  Amatid  throughout  the  island  of 
Taiwan,  and  the  food  plants  are  only  three,  orange,  tea,  and  Psidium 
Guyava,  as  observed  by  us  up  to  the  present  time.     I  think  that  Amata 
lucerna,  Wilem.,  is  probably  a  synonym  of  this  species. 

The  eggs  are  spherical  and  pale-yellowish,  about  0'5  mm.  in  diameter.' 
They  are  irregularly  deposited  by  the  handsome  parent  on  the  under- 
side of  the  leaf,  and  about  two  weeks  later  the  tiny  caterpillars  emerge 
from  the  eggs  and  begin  to  eat  the  leaf  from  the  margin,  resting  on  the 
underside,  but  it  seems  they  dislike  to  hve  together  on  a  leaf.  The 
full-grown  caterpillar  is  dark  greyish,  with  the  head  orange-yellow. 
On  each  somite  there  are  eight  tubercles  bearing  short  j)ale  dirty-yellow 
hairs  but  the  four  ventral  tubercles  on  each  of  the  fourth,  fifth,  tenth, 
and  eleventh  somites  do  not  bear  conspicuous  hairs.     The  dorsal  stripe 
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is  inconspicuous  and  is  dark ;  all  the  legs  are  well-developed.  It 
measures  about  21  mm.  in  length. 

When  full-grown  the  caterpillars  begin  to  spin  the  very  loose  web-like 
shelter  between  the  twigs  or  on  the  leaf,  and  turn  to  pale  yellow  pupae 
in  it.  The  pupa  is  gradually  tapering  to  an  obtuse  anal  angle,  with  a 
row  of  blackish  spots  on  each  segment.     The  length  is  about    11  mm. 

In  about  ten  or  eleven  days  after  pupation  the  moth  emerges  and 
begins  to  deposit  the  eggs.  The  breeding  data  are  as  in  the  following 
table  : — 


deposited 

hatched 

First 
moult 

Second 
moult 

Third 
moult 

S'>       |« 

Moths 
emerged 

5th    April 
1913. 

19th  April 
1913. 

1st    Feb. 
1913. 

26th  April 
1913. 

12th  Feb. 
1913. 

3rd   M.ay 
1913. 

27th      Feb. 
1913. 

10th     Sl.iy 
1913. 

6th    March      25th  March 
1913.                 1913. 

21st      May  i  20th    June 
1913.           1     1913. 

5th      April 
1913. 

1st       July 
1913. 

The  eggs  of  the  second  brood  were  not  deposited  by  a  female  of  the 
first  brood,  but  by  a  female  collected  in  the  orange-tree  field. 

The  above  table  shows  that  this  insect  has  probably  three  or  four 
generations  in  a  year  in  Formosa. 

This  very  plentiful  Formosan  moth  can  hardly  be  called  a  pest  of 
the  plants  already  mention e:l,  although  it  is  usually  well-known  as  a 
minor  pest  of  them. 

No.  41. — Bistun  marginata,  Mats.  [Kurozu-Yedashaku.) 
This  Geometrid  is  commonly  found  in  April  in  the  districts  of  Kimpori 
and  Tamsui  in  Taihoku-Cho,  and  its  occurrence  is  often  so  abundant 
that  there  is  no  vestige  of  green  on  the  tea-bushes  throughout  a  large 
plantation,  but  it  is  quite  restricted  to  these  two  districts  according 
to  our  past  investigations. 

The  greyish  moth  usually  emerges  in  March  and  the  female  deposits 
her  eggs  on  the  twig  or  trunJi  in  a  large  mass  (10  X  5  mm. — 35  X 15  mm.) 
■covered  -with  her  pale  brownish  anal  tuft-hairs,  immediately  after  emer- 
gence. The  eggs  are  short- elliptical,  about  0-8  mm.  in  length  and  are 
pale  greenish-yellow  but  become  green  towards  hatching.  The 
tiny  larvse  hatch  in  two  or  three  days,  and  begin  to  hang  down  by  a 
fine  thread  sent  forth  from  their  mouths,  and  the  thread  is  blown  by 
the  wind  until  another  bush  or  twig  is  reached.  This  method  of  moving 
is  done  by  almost  all  newly  hatched  larvse,  with  the  exception  of  those 
that  find  suitable  leaves  soon  after  they  are  hatched.  They  almost 
always  live  singly  and  eat  the  leaf  irregularly  from  the  margin.  The 
duration  of  each  instar  is  from  about  five  to  ten  days. 


ritOCEEDINGS    OF    THE   THIRD   ENTOMOLOGICAL    MEETING  663 

The  larva  of  the  first  instar  is  pale  yellow,  with  a  broad  black  lateral 
stripe  on  each  side  ;  on  this  stripe  there  are  two  paler  spots,  on  each 
somite,  bearing  a  bristly  hair.  The  head  is  large,  dark  brown,  bearing 
a  few  white  hairs.  The  ventral  side  of  the  abdominal  portion  is  greyish- 
black  :  the  legs  are  paler  but  with  a  black  tinge  on  the  outside  and  on 
the  claws  :  the  prolegs  are  only  one  pair  and  are  paler,  with  the  end 
yellow.    It  reaches  about  2  mm.  in  length. 

The  larva,  after  the  first  moult,  becomes  green,  excepting  the  first 
and  twelfth  segments  which  are  somewhat  yellowish.  The  head  is 
yellow  with  many  brown  flecks  which  bear  pale  brown  hairs.  The  body 
has  about  thirteen  narrow  greenish-white  stripes  of  which  the  dorsal 
middle  one  is  rather  inconspicuous.  On  each  somite  there  are  two 
dorsal  and  a  few  lateral  black  spots  each  bearing  a  bristly  hair.  The 
legs  are  greyish-black,  and  the  prolegs  are  deep  green.  When  full-fed 
it  measures  about  6  mm.  in  length. 

The  third  instar~larva  is  much  more  greenish  than  in  the  preceding 
instar.  The  head  becomes  pentagonal  with  two  short  triangular  upper 
processes,  and  it  is  pale  yellowish-brown  but  all  the  sutures  are  blackish 
brown,  and  it  is  scattered  over  with  brown  flecks.  The  body  has  about 
eight  fine  deep-green  dorsal  stripes  of  which  the  middle  two  are  usually 
darker  than  the  others  ;  at  the  side  there  are  a  few  greenish-black  stripes 
which  are  almost  always  hardly  connected  with  one  another.  On 
each  somite  there  are  four  dorsal  and  a  few  lateral  black  dots.  The 
first  somite  bears  two  somewhat  brownish  tubercles  on  the  dorsmn  ; 
the  anal  somite  is  conspicuously  paler  ;  the  ventral  surface  of  the  body 
is  black,  but  the  portion  between  each  pair  of  legs  or  prolegs  is  green. 
The  legs  are  black,  with  two  yellow  bands :  the  prolegs  are  dark  green, 
and  the  anal  legs  are  paler.    It  measures  about  27  mm.  in  length. 

The  fourth  instar  is  yellowish  green,  and  there  are  no  conspicuous 
stripes  but  numerous  fine  black  flecks,  and  on  each  somite  there  are 
two  small  quadrate  yellow  dots  on  the  dorsum.  The  anal  somite  is 
yellow,  and  is  triangular  when  seen  from  above  with  an  acute  anal  angle, 
and  at  each  side  of  this  triangle  there  is  a  small  process.  The  body 
colour  varies  to  a  great  extent,  according  to  the  colour  of  the  food  plant, 
with  large  red  spiracles.  The  legs  are  pale  yellowish-green,  with  each 
segmentation  blackish  ;  the  prolegs  are  pale  reddish  j'ellow,  and  the 
anal  legs  are  yellow.     It  is  about  34  mm.  long. 

The  fifth  instar  larva  is  quite  similar  to  the  fourth  but  the  colour 
becomes  deeper  and  the  flecks  are  larger,  the  flecks  varying  to  a  great 
extent ;  in  some  cases  they  are  formed  of  13  rather  conspicuous  stripes 
and  in  others  they  remain  as  irregular  dots.     When  full-grown  it  reaches 
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about  50  mm.  in  lengtli.  The  duration  of  the  larval  stage  is  about 
45—50  days. 

Soon  after  it  is  full-grown  the  looper  caterpillar  goes  down  to  the 
ground  and  turns  to  a  blackish  pupa  buried  in  the  soil  about  a  half  or 
one  inch  below  the  surface.  This  pupal  stage  is  very  long  and  this 
species  hibernates  through  the  winter  (from  May  to  the  next  March) 
as  a  pupa.  The  pupa  is  dark  castaneous,  the  anal  end  being  strongly 
curved.  The  siurface  is  shining  but  with  numerous  fine  dot-like  sculp- 
tures. The  head  bears  two  small  processes  below  and  two  conspicuous 
transverse  processes  above,  which  consist  of  seven  tiny  tubercles.  The 
wing-sheaths  are  rather  small,  reaching  to  the  fourth  abdominal  segment, 
the  end  being  sharp.  The  anal  segment  bears  many  small  roundish 
tubercles  of  which  the  middle  one  is  large  and  conspicuously  long.  It 
is  about  18  mm.  long. 

During  the  day-time  the  moth  sits  with  outstretched  wings  flat 
against  the  trunk  of  any  tree  which  may  be  around  its  feeding  ground. 
Acacia  sp.,  being  apparently  preferred.  On  these  the  moths  congre- 
gate in  crowds,  accompanying  the  large  egg-masses,  and  thousands 
can  thus,  during  a  serious  attack,  be  killed  by  simply  smiting  them  while 
in  this  position.  There  is  only  one  brood  per  annum  in  Taihoku,  the 
caterpillars  being  active  in  April,  though  of  course  in  March  or  May 
some  caterpillars  can  be  found. 

This  insect  usually  attacks  Acacia  sp.,  but  it  seems  occasionally 
to  have  attacked  tea-plants  in  some  tea-cUstricts.  In  the  years,  IHIO, 
1911,  and  1912,  however,  the  damage  to  the  tea-plant  done  by  this 
looper  caterpillar  was  considerable  at  Kimpori.  When  a  serious  attack 
commences,  the  whole  of  the  leaves  of  the  bushes  are  eaten  off,  and  so 
ravenous  are  the  caterpillars  that  Mr.  N.  Onoda  wTote  saying  that 
he  thought  "  about  five  caterpillars  would  strip  a  medium-sized  bush 
in  a  couple  of  days."  They  can  in  fact  be  heard  feeding,  when  one  is 
standing  near,  when  a  bad  attack  is  under  way. 

The  destruction  of  the  moths  or  eggs  is  easy  and  a  most  efiicacious 
remedy. 


No.  42. — Helervsiacedia,  Lism.  {Okinatva-Riirichirashi.) 
This  handsome  moth  is  commonly  foimd  throughout  the  Island  of 
Formosa,  but  it  was  not  known  that  the  caterpillar  attacks  tea-plants 
for  a  long  time.  In  the  year  1910,  it  was  first  found  on  the  tea-bush, 
by  the  author,  and  many  moths  were  successfully  bred  from  the  cater- 
pillars  in   the   laboratory. 
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The  caterpillar  is  brown  and  is  broad  and  sliort,  like  a  Limacodid 
larva,  the  dorsum  being  roundish,  and  the  ventral  side  being  flat.  The 
head  hides  under  the  first  somite.  On  each  somite  (except  the  first 
and  anal  somites)  there  are  four  small  black  short  tubercles  in  a  trans- 
verse row  on  the  dorsum,  and  at  the  side  there  is  a  red  tubercle.  The 
first  somite  bears  two  red  tubercles  on  each  side  and  the  anal  somite 
has  two  brown  dorsal  tubercles  and  two  reddish  lateral  tubercles. 
The  full-grown  caterpillar  measures  about  23  mm.  long. 

This  caterpillar  lives  on  the  upper  surface  of  the  leaf  singly  and  eats 
the  leaf  from  the  margin  as  in  a  Limacodid  larva.  The  full-grown 
larva  forms  a  large  brownish  cocoon  which  is  tough  and  closely  woven, 
in  the  fold  of  a  leaf  (being  on  its  upper  surface). 

I  have  never  seen  this  pest  on  tea-bushes  in  serious  numbers,  and 
it  is  probably  one  of  our  most  minor  pests.  There  is  a  small  black 
Tachinid  which  was  reared  from  the  full-grown  larva.  About  10 — 15 
flies  usually  emerge  from  a  single  larva.  This  is  probably  one  of  the 
effective  enemies  of  this  Helerusia. 


No.  43. — Tiracola  plagiata,  Walk.     {Mikan-Kuchiha.) 
In  the  year  1913,  it  was  first  known  that  this  larva  eats  the  leaves 
of  tea  and   orange.     According  to  later  investigations   its  food-plants 
are  cabbage,  onion.  Agave  and  others. 

The  larva  is  blackish-brown,  with  the  head  orange-yellow.  The 
dorsal  stripe  is  black,  and  is  distinct  on  the  thoracic  portion  and  tenth, 
eleventh,  and  twelfth  somites.  At  the  side  there  are  two  bottle-shaped 
yellowish-white  spots,  one  being  between  the  fourth  and  sixth  somites, 
and  the  other  between  the  tfenth  and  eleventh  segments.  The  eleventh 
somite  is  produced  above  on  the  dorsum,  like  an  anal  protuberance, 
and  its  side  is  yellowish-brown.  When  full-grown  it  measures  about 
50  mm.  long.  This  caterpillar  lives  at  the  margin  of  leaf  and  eats  it, 
but  seems  rather  to  prefer  a  young  leaf  or  shoot.  When  full-grown 
the  caterpillar  comes  down  to  the  ground  and  begins  to  form  an  earth- 
cell  under  the  surface.  After  this  work  it  turns  to  a  brown  pupa  in 
the  cell.  The  pupa  is  spindle-shaped,  with  short  wing-sheaths  which 
reach  the  posterior  margin  of  the  fourth  abdominal  segment.  The 
fifth  abdominal  segment  is  thickest,  and  from  this  the  body  is  gradually 
narrowed  towards  the  anal  apex.  On  each  segment  there  are  many 
minute  roundish  dots  near  the  anterior  margin ;  the  anal  segment 
bears  six  yellowish  spines,  and  has  a  longitudinal  furrow  in  the  middle 
of  the  ventral  surface.     It  is  about  24  mm.  long. 
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The  caterpillar  is  usually  found  in  February  or  March,  and  the  moth 
in  March  or  May.  This  insect  is  probably  not  an  important  pest  of 
the  tea-plant. 


No.  44. — Andraca  bipunctata,  Walk.     {Futaten-Kagiba.) 

This  is  a  well-known  tea-pest  noticed  early  in  this  country,  attention 
having  been  drawn  to  it  by  an  old  Chinese  Governor  in  the  year  1820 
but  my  description  of  its  depredations  in  the  Report  of  Agricultural 
Eiperimeni  Station,  of  Formosan  Government,  Vol.  I,  under  the  name 
Hypsomadius  sp.,  as  named  by  Prof.  Matsumura,  is  the  first  detailed 
account  of  its  ravages.  After  careful  studies  I  found  that  tliis  species 
belongs  to  the  Family  Bombycida  and  that  it  is  probably  Andraca 
bipunctata.  Six  (three  males  and  three  females)  Indian  specimens  of 
the  latter  presented  by  the  Imperial  Entomologist  quite  agree  with 
■ova  species,  and  I  have  determined  it  as  the  above. 

It  is  a  very  widespread  tea-pest  found  in  practically  every  garden 
throughout  the  tea-districts,  and  is  becoming  really  most  serious  in 
the  Northern  half  of  the  Island.  In  Taihoku-  and  Toyen-Choes  it  is 
very  common,  and  recently  Mr.  J.  Sonan  has  found  it  at  Kusukusu 
in  Ako-Cho,  feeding  on  Cleyera  ochracea,  Etirya  sp.,  and  Melastoma 
candidum. 

The  eggs  are  laid  on  the  underside  of  the  leaf,  and  these  are  arranged 
very  methodically  in  a  mass  in  a  single  layer  (about  15 — 72).  The 
number  of  egg-masses  deposited  by  a  single  female  is  from  about  one 
to  three,  and  the  total  number  of  eggs  is  50  to  150.  In  8 — 10  days 
the  eggs  hatch  and  the  caterpillars  take  about  21 — 61  days  to  reach 
maturity.  This  insect  has  three  generations  per  aimum,  but  it  is  most 
prevalent  in  May,  June,  and  July.  The  caterpillars  almost  always 
live  in  a  compact  mass  during  the  day-time,  if.  they  are  young  resting 
on  the  underside  of  leaf,  and  when  they  become  larger  on  the  twig  ; 
they  feed  at  night  and  very  often  strip  the  bushes  over  a  large  patch 
of  plantation  before  the  morning  (leaving  nothing  but  hard  stalks). 
Although  the  tea-bushes  are  severely  attacked  by  this  pest  through  the 
season,  in  the  next  year  there  come  slight  crops  from  such  a  garden ; 
but  if  the  same  garden  is  damaged  by  it  for  two  years  the  bushes  almost 
always  begin  to  wither.  The  abundant  occurrence  of  this  pest  is  a 
rather  permanent  character  up  to  the  present  time  in  Formosa,  and  the 
natives  are  generally  used  to  collect  and  destroy  the  caterpillars  as  a 
.Temedy. 
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The  actual  breeding  data  are  briefly  summarized  in  the  foUomng 
table  :— 


Moths 
emerged 

Eggs 
deposited 

ha'tehed 

Larva; 
pupate 

Length  of 
the  whole 
life-cycle 

Gpncrotion— 

1st  August  to 
13th  Novem- 
ber 1917. 

22nd  October 
1917. 

vember  1917. 

12th    Decem- 
ber to  iDth 
December 
1917. 

Over  120  day;. 

1st    . 

20th  February 
to  •27th  Feb- 
ruary 1918. 

20th  February 
to  14th  Feb- 
ruary 1918. 

5th  March  to 
10th    March 
1918. 

21st  April  to 
23rd      April 
1918. 

Over  100  da;  s. 

ZQd   . 

nth   May  to 
Uth       May 
1918. 

13th-17th  May 
1918. 

21st-27th  May 
1918. 

17th-27th 
June  1918. 

Over  120  days. 

3M    . 

12tli    Augu.st 
to  21st  Octo- 
ber 1918. 

20t.h-22nd  Oc- 
tober 1918. 

31st    October 
to    2nd    No- 
vember 1918. 

7tli-llth  De- 
cember 1918. 

Over  120  days. 

The  above  shows  that  the  duration  of  the  pupal  stage  of  the  second 
brood  varies  to  a  great  extent  from  21  days  to  110  days,  and  that  the 
season  of  deposition  of  the  third  lot  of  eggs  is  in  October.  It  is  a  rather 
curious  fact  that  the  moths  which  emerge  in  Augu.st  or  September  are 
always  fruitless  as  they  die  without  any  deposition  of  eggs.  The  multi- 
plication of  this  insect  is  rather  rapid  but  the  larvee  of  the  second  brood 
are  usually  infested  by  several  still  unknown  Bacteria  and  die  in  the 
fifth  instar.  The  sudden  disappearance  of  this  insect,  after  reaching 
its  cHmax,  is  almost  always  due  to  the  work  of  these  useful  Bacteria, 
though  sometimes  a  Tachinid-fly  is  still  more  effectual  in  the  work  of 
extermination.  The  remainder  become  full-grown  larv'se  and  begin  to 
form  their  cocoons  below  shelters  on  the  ground  or  below  the  t\\-igs 
near  the  stem  or  rarely  between  or  on  the  leaves.  The  pale  brownish 
cocoons  are  usually  aggregated  together  in  some  numbers,  the  united 
structure  showing  a  flat  face.  After  pupation  the  moths  emerge  in 
from  18  to  114  days  and  the  females  deposit  their  eggs  in  five  to 
fourteen  days.  The  newly  hatched  larvse  remain  on  the  underside  of 
the  leaf  in  a  mass,  and  begin  to  eat  the  under  epidermis  and 
chlorophyll,  leaving  the  upper  epidermis  until  they  first  moult ;  in  this 
case  the  caterpillars  usually  extrude  fine  silky  threads  and  form  a  web- 
like skin  on  the  under  surface  of  the  leaf,  this  ser\'ing  as  a  resting  place 
for  the  dehcate  larvas.  After  the  first  moult  they  move  from  leaf  to 
leaf,  and  eat  it  from  the  margin.  The  caterpillar  is  not  like  that  of  a 
Bombycid,  but  it  is  densely  covered  with  very  fine  hairs  and  the 
appearance  of  the  skin  seems  velvety.  The  duration  of  each  instar  is- 
from  about  three  to  ten  days. 
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The  collecting  of  the  larvae  of  the  first  brood  is  most  effectual  and 
rather  an  easy  control-measure,  and  this  is  generally  practised  by  the 
gardeners  in  Formosa. 

2\To    ^. — Hypomeces  squa77iosus,  Fab.     (AolxofiiM-Zomushi.) 
This  insect  is  very  conmionly  found  throughout  the  Island  of  Formosa 

and  it  is  generally  noticed  that  it  attacks  cotton,  orange,  tea,  mulberry, 

and  sugarcane. 

This  greenish  or  greyish  CurcuUonid  strips  the  young  leaves    off 

the  tea-bushes,  and  the  injuries  are  a  rather  minor  thing  though  it  very 

rarely  occurs  in  serious  numbers  on  a  few  bushes. 

The  beetles  should  be  collected  and  destroyed  whenever  seen,  and 

-the  sooner  a  pest  like  this  is  attacked  the  better. 

No.  46. — Aeolesthes  induta,  Newm.  (Cha-Kamikiri.) 
The  grubs  of  this  longicorn  beetle  were  first  found  by  Mr.  M.  Maki 
boring  into  the  stem  of  a  tea-plant,  at  Horisha  in  March  of  the  year 
1917.  They  were  brought  to  the  laboratory  of  the  Division  of  Ento- 
mology, and  afterwards  the  beetles  emerged  on  April  15th  in  that 
year.  On  6th  May  eggs  were  deposited  by  a  female  beetle  beneath 
the  epidermis  of  a  trunk  near  the  soil  surface.  About  two  weeks  after 
deposition  the  young  grubs  hatched  and  begun  to  bore  into  the  centre 
of  the  stem.  In  the  next  year,  1918, 1  found  that  the  nearly  full-grown 
grubs  had  all  died  in  the  tunnels  in  December.  This  probably  shows 
that  the  whole  life-cycle  occupies  more  than  one  year. 

This  insect  probably  attacks  only  the  large  bushes,  and  the  injuries 
are  not  known  yet. 

No.  47. — Oscinis  thece,  Lef.     [Cha-no-Hamuguribai.) 
This  small  leaf-mining  fly  is  a  widely  distributed  species  through 
-the  whole  tea-districts,  but  I  have  never  seen  this  in  serious  numbers. 
Probably  it  is  one  of  our  most  minor  tea-pests. 

No.  48. — An  unknown  Lepidopterous  borer  found  at  Giochi,  near 
Horisha,  is  a  rather  serious  tea-pest,  but  its  occurrence  is  quite  restricted 
there. 

No.  49. — Tetranychus  bioculaius,  W.  M.  ?     (CJia-Akadani.) 
This  mite  is  commonly  found  throughout  the  tea-districts,  and  the 
damage  done  by  this  pest  is  an  annually  recognizable  thing. 
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We  are  mucli  obliged  to  Dr.  Shiraki  for   sending  us  a  paper  for  our  Mr.  Fletcher. 
Meeting.    Many  of  the  insect    pests  of    tea  in  Formosa  are  identical 
-with  ours  in  North-East  India  and  in  other  cases  they  are  very  similar, 
and  it  is  of  considerable  interest  to  us  to  learn  what    damage  is  done 
and  what  control  measures  are  found  effective  in  Formosa. 

I  may  add  that  Dr.  Shiraki  expresses  a  hope  that  he  will  be  able 
to  take  part  personally  in  our  Fourth  Meeting  and  that  is  a  hope  which 
I  am  sure  we  shall  all  endorse. 


30.— HELOPELTIS  THEIVORA,  WATERH. 
By  E.  A.  AisDREWS,  B.A.,  Entomologist  to  the  Indian  Tea  Association. 

Helo])eUis  theivora,  the  Tea  Mosquito,  is  the  worst  insect  pest  of 
tea,  and  is  responsible  for  enormous  losses  every  year. 

The  insects  suck  the  3'oung  leaves  and  shoots.  At  first  the  portion 
sucked  shows  as  a  round  pale  area  on  the  leaf,  and  generally  a  tiny  drop 
■of  liquid  can  be  seen  at  the  spot  where  the  proboscis  of  the  insect  was 
inserted.  Later,  the  extreme  edge  of  the  area,  and  the  central  spot, 
turn  brown,  and  the  brown  colour  gradually  extends  all  over  the  area 
until  the  patch  shows  as  a  light-brown  spot.  This  gradually  darkens 
until  it  becomes  absolutely  black,  and  by  then  the  texture  of  the  patch 
has  become  hard  and  dry.  By  the  coalescence  of  a  large  number  of 
such  patches  on  the  leaf  the  whole  leaf  becomes  black  and  shrivelled, 
and  eventually  falls  off.  But  the  damage  does  not  stop  here.  The 
discoloration  extends  down  the  centre  of  the  shoot,  and  I  have  known, 
in  severe  cases,  new  shoots  twelve  inches  long  to  be  killed  right  back. 
WTien  one  shoot  has  been  killed  off,  the  bush  attempts  to  throw  out 
another,  which  is  likewise  killed  off,  and  in  badly  attacked  tea  there 
is  often  a  broom-like  growth  of  blackened  shoots  at  the  top  of  the 
•tranches,  and  the  bushes  look  as  if  they  had  been  scorched  by  fire. 

The  life-history  of  the  insect  is  somewhat  as  follows  : — The  insect 
hatches  from  the  egg  as  a  small  amber-coloured  spidery-looking  larva, 
which  bears  a  superficial  resemblance  to  the  adult,  but  is  wingless  and 
without  any  trace  of  the  scutellar  horn  characteristic  of  the  genus.  At 
first  the  larva  is  covered  with  conspicuous  hairs,  which  gradually  dis- 
appear as  the  insect  becomes  older.  After  the  first  moult  the  scutellar 
horn  appears,  and  after  the  second  moult  the  wing-buds  can  be  made 
out.  There  are  two  more  larval  stages,  and  after  the  fifth  moult  the 
adult  insect  emerges.  Copulation  takes  place  shortly  after  emergence. 
The  male  generally  dies  after  copulation,  but  I  have  on  several  occa- 
■sions  got  one  male  to  fertiUze  two  females  in  captivity,  and  the  female 
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may  be  fertilized  by  more  than  one  male.  Eggs  are  laid  two  days  or 
SO  after  fertilization,  the  number  of  eggs  laid  (in  captivity)  varying 
from  fifty  to  more  than  five  hundred.  The  eggs  are  laid  in  the  tissues 
of  the  plant,  and  their  position  can  be  ascertained  owing  to  the  presence 
of  two  fine  hairs  which  project  externally.  They  may  be  laid  in  the 
base  of  a  bud,  in  the  mid-rib  of  a  leaf,  or  in  the  young  shoot,  and  towards 
the  end  of  July,  when  the  insects  are  beginning  to  attain  large  numbers, 
the  eggs  are  often  laid  in  the  broken  end  of  a  plucked  shoot.  This^ 
habit  of  laying  in  the  ends  of  shoots  from  which  leaf  has  been  plucked 
protects  the  eggs  from  any  chance  of  being  removed  by  the  pluckers, 
and  is  of  great  importance,  as  it  means  that  from  about  the  end  of  July 
to  the  end  of  the  season  close  plucking,  to  remove  the  eggs,  is  of  little 
avail. 

The  insects  are  exceedingly  active  in  all  stages,  and  feed  principal!}'- 
during  the  early  morning  and  late  afternoon  and  evening.  They  attack 
all  varieties  of  tea,  but  especially  China  and  hybrid  varieties  and  certain 
delicate  varieties  of  light-leaved  indigenous  kinds. 

The  distribution  of  the  insect  I  discussed  at  the  last  Meeting,  and 
I  then  also  discussed  the  effect  of  climate  on  the  pest.  The  action  of 
insecticides,  and  their  value  as  a  means  of  control,  I  discussed  in  my 
paper  on  Insect  Control  at  the  first  session  of  this  Meeting.  There  is 
therefore  no  need  to  go  over  this  ground  again. 

Hand-catching  is  still  largely  relied  upon  as  a  means  of  control, 
and,  though  by  no  means  a  cure,  is  yet  of  considerable  value  in  alle- 
viating attacks  of  the  pest. 

Our  mvestigations  during  the  past  two  years  have  been  directed 
to  the  problem  of  the  effect  of  soil  conditions  on  the  incidence  of  the 
pest.  At  the  last  Meeting  I  spoke  of  the  relationship  found  to  exist 
between  the  ratio  of  available  potash  to  available  phosphoric  acid  in 
the  soil  and  HelopeUis  attack.  I  spoke  also  of  the  effect  of  the  attack 
of  the  insect  on  the  composition  of  the  leaf,  and  of  experiments  carried 
out  with  potash  manures  to  see  whether  the  pest  could  be  controlled 
by  increasing  the  ratio  of  available  potash  to  available  phosphoric  acid. 
I  told  you  then  that  the  experiments  made  seemed  to  point  to  the 
j^resence  of  some  factor  or  factors  in  the  soil  v,'hich  controlled  the  rela- 
tive availability  of  the  pptash  and  phosphoric  acid.  Applications  of 
potash  manures  were  successful  in  some  instances,  but  not  in  others. 
Experiments  have  since  been  carried  out,  by  adding,  in  the  one  case,, 
sufficient  soluble  potash  manure  to  raise  the  ratio  iTv^iabio  phosphoric  ^fd 
to  the  required  degree,  in  the  other  case,  a  quantity  of  potash  manure 
sufficient  to  allow  of  enough  being  present  in  any  available  form  after 
a  quantity  proportional  to  ('°t"i  P°ta.h '"  '■;;f ^'^'-<;;"'';;^';;.p"^"''  '"  '"^  ^'""    has 
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been  rendered  non-available.  The  plots  to  whici  these  manures  were 
apphed  were  half  shut  up  by  the  pest  at  the  time  of  application.  At 
the  end  of  the  season  the  first  plot  was  almost  shut  up,  while  the  second 
plot  was  certainly  no  worse,  and  if  anything  slightly  better. 

The  estate  on  which  this  experiment  was  carried  out  contains  rather 
mixed  tea,  that  is  to  saj^  China,  hybrid,  and  indigenous  bushes  are 
mixed  together  in  any  one  section.  A  survey  of  the  garden,  in  which 
■over  4,000  bushes  were  examined  at  intervals,  was  made,  and  this  survey 
showed  that  the  intensity  of  attack  was  certainly  not  controlled  by  the 
variety  of  the  bush,  but  by  the  nature  of  the  soil,  for  one  patch  would 
be  better  or  worse  than  another,  independent  of  the  "  jat  "  of  tea. 

In  addition  to  the  field  experiments,  however,  investigations  were 
carried  out  in  the  laboratory  to  ascertain  the  nature  of  the  behaviour 
of  the  various  manures  when  added  to  the  soil.  A  grey  sandy  loam 
soil  and  a  red  clay  soil  were  treated  with  potash  and  phosphatic  manures, 
and  analysed  at  intervals  to  ascertain  the  behaviour  of  the  manure. 
It  was  found  that  in  both  cases  the  potash  manures  gradually  became 
fixed  in  the  soil,  and  rendered  non-available,  this  effect  increasing  with 
time.  In  both  cases,  the  phosphatic  manures  were  slightly  fixed  at 
first.  In  the  case  of  the  red  clay,  however,  this  fixation  increased  with 
time  while  in  the  case  of  the  grey  sandy  loam  the  phosphoric  acid,  after 
first  being  fixed,  was  subsequently  liberated  in  an  available  form,  until 
at  the  end  of  three  months  the  whole  of  the  phosphoric  acid  added  was 
found  to  be  present  in  the  soil  in  an  available  form.  Thus  we  have  been 
able  to  detect,  in  the  laboratory,  a  difference  between  the  two  soils 
which  results  in  the  liberation  of  phosphoric  acid  in  the  one  and  iU 
fixation  in  the  other. 

We  have  gone  further  into  this  matter,  and  endeavoured  to  find 
which  fractions  of  the  soil  contain  the  bulk  of  these  two  constituents 
in  an  available  form,  and  have  found  that  in  the  heavy  soil  practically 
all  the  available  potash  is  present  in  the  clay,  while  practically  all  the 
phosphoric  acid  is  present  in  the  sandy  portion.  Investigations  regarding 
their  distribution  in  the  grey  sandy  loam  are  still  proceeding. 


31.— LANTANA  INSECTS  IN  INDIA. 

By  Y.  Eamachandra  Rao,  M.A.,  F.E.S.,  Entomological  Assistant  (on 

Lantana  Work). 

Lantana  is  probably  sufficiently  familiar  to  most  of  you  not  to  need 

any  detailed  description.     It  is  a  moderate-sized  shrub  with  prickly 

branches  and  bunches  of  pretty  little  flowers  varying  greatly  in  colour 
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and  setting  inio  small  rounded  fniits.  It  belongs  to  the  Natural  Order 
of  Verbenacese  under  which  are  grouped  the  following  forest  trees,  Teak 
and  CaUicarpa,  and  garden  plants  like  Clerodendron  and  Verbena. 

The  plant  under  investigation  is  one  of  several  species  of  Lantana — ■ 
almost  all  natives  of  Mexico  and  South  America —  and  has  been  carried 
to  the  various  parts  of  the  Tropics  as  a  garden  plant.  There  are 
numerous  varieties  of  Lantana  found  cultivated  in  India,  differing  from 
one  another  in  the  colour  of  the  flowers,  but  all  appear  to  belong  to  one 
species,  Lantana  caniara  (or  aculeata).  There  is  one  species  of  Lantana 
that  is  indigenous  to  India,  L.  indica.  It  has  been  recorded  throughout 
India,  but  so  far  as  I  know  it  occurs  in  the  greatest  abundance  in  the 
Hill  Districts  of  South  India. 

The  Life-history  of  Lantana. 

Though  never  attaining  the  dimensions  of  a  tree  it  grows  into  a 
large-sized  shrub  attaining  to  a  height  of  nearly  ten  or  twelve  feet  and 
often  chmbing  to  a  height  of  thirty  feet  or  more  supported  by  the  trunks 
of  trees.  When  under  favourable  conditions  the  plants  grow  close 
together  in  thick  masses  the  branches  tend  to  elongate  into  runners 
attaining  a  length  of  thirty  to  fifty  feet  and  interlace  with  those  of  the 
neighbouring  bushes  so  as  to  lead  to  the  formation  of  dense  thickets 
which  neither  man  nor  beast  can  penetrate.  It  is  a  perennial  and  is 
blessed  with  longevity.  It  is  also  possessed  of  a  high  vitahty  which 
plant-breeders  might  well  yearn  for  to  infuse  into  "their  h5'brids. 

When  the  climate  is  favourable  the  plant  flowers  throughout  the 
)'ear,  but  where  the  summer  is  very  dry,  it  may  completely  dry  up  and 
put  forth  shoots  again  when  the  rains  again  set  in.  It  flowers  profusely 
and  the  quantity  of  fruits  produced  is  enormous.  The  fruits  as  they 
ripen  develop  a  soft  sweetish  pulp  and  turn  blue-black  in  colour.  •  The 
fruits  are  freely  eaten  by  birds,  chiefly  by  the  bulbul,  but  the  kernels, 
being  hard,  are  not  acted  on  by  the  digestive  juices  and  are  cast  out 
along  with  the  excreta  without  the  germinating  power  being  impaired. 

Its  present  distribution. 
The  beauty  of  the  flowers  having  attracted  the  attention  of  man, 
the  plant  has  travelled  step  by  step  from  its  original  home  in  Mexico 
into  almost  all  parts  of  the  Tropical  and  Sub-tropical  world.  We  have 
reports  as  to  its  having  become  a  nuisance  in  Hawaii,  Java,  Ceylon, 
the  Ma'ay  Peninsula,  Fiji  and  Queensland.  In  the  Indian  Empire 
it  is  represented  in  one  part  or  other  of  all  the  Provinces,  but  it  is  chiefly 
along  the  long  stretch  of  country  on  either  flank  of  the  Western  Ghats 
from  the    latitude    of    Bombay    down  to    Travancore,   that  Lantana 
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has  obtained  a  firm  hold  and  become  a  serious  pest.  In  other  parts 
of  India,  it  is  only  in  certain  restricted  tracts  that  it  has  spread  injuri- 
ously, as  for  instance,  around  Maymyo  in  Burma,  around  Chikalda 
in  the  Central  Provinces,  around  Haldwaui  in  the  United  Provinces, 
aiound  Madhupur  in  the  Punjab,  and  around  Shillong  in  Assam. 

The  circumstance  that  the  plant  is  found  in  numbers  only  in  certain 
restricted  locaUties  is  no  guarantee  that  it  will  not  spread  into  other 
places.  In  some  places  it  is  certamly  only  a  question  of  time  as  to 
when  it  will  completely  overrun  the  country,  though  in  other  places 
it  is  probably  very  unlikely  that,  owing  to  adverse  conditions,  it  will 
ever  spread. 

History  of  introduction. 

Wherever  Lanlana  has  run  wild  it  has  been  invariably  reported 
that  it  had  originally  been  introduced  as  a  rare  plant,  later  on  planted 
around  bungalows  and  paths  to  form  a  Uve-feuce.  If  left  undipped, 
the  fence  in  a  few  years  attains  huge  proportions  and  grows  into  unsightly 
thickets.  The  fruits  are  eagerly  eaten  by  birds  and  are  spread  broadcast 
all  round  and  the  plant  thus  escapes  out  of  cultivation  and  where  condi- 
tions are  favourable  spreads  hke  wildfire.  Watercourses  and  channels 
seem  also  to  play  a  fairly  important  part  in  the  spread  of  this 
plant,  for  the  ripe  fruit,  when  dry,  freely  floats  in  water.  The 
spread  of  Lantana  is  governed  by  the  presence  or  absence  of  certain 
favourable  conditions.  Firstly,  it  needs  a  fairly  heavy  rainfall.  It 
does  not  flourish  in  a  dry  climate  nor  does  it  reUsh  very  heavy  rainfall. 
Secondly,  a  well-drained  soil  is  very  favourable  for  its  spread  ;  it  does 
not  thrive  in  waterlogged  situations.  Thirdly,  it  is  a  lover  of  sunUght 
and  cannot  make  headway  in  dense  •  forests  under  heavy  shade  ;  and 
fourthly,  very  low  temperature  is  inimical  to  its  growth.  It  cannot 
survive  frost  and  snow.  In  localities  which  fulfil  the  above  condi- 
tions, as  for  example,  along  the  flanks  of  the  Western  Ghats  of  South 
India,  the  weed  grows  with  extreme  luxuriance  and  covers  all  available 
open  places. 

Tlie  Lantana  frohlem. 

In  the  cultivated  areas  Lantana  is  very  easily  kept  out,  for  the  few 
weedings  even  the  most  careless  cultivator  has  to  give  to  his  crop  vaW 
necessarily  keep  the  interior  of  his  field  free  from  it.  In  pubUc  commons 
used  as  general  pasture  grounds  and  in  wastelands  the  case  is  different. 
Little  by  little  the  weed  encroaches  on  the  grass-land  until  the  greater 
part  of  the  pasture  is  covered  over  and,  owing  to  the  simple  reason  of 
its  being  common  property,  nobody  attends  to  the  removal  of  Lantana. 

In  forests  again  it  is  a  great  problem.  In  thick  forests  it  has  no 
chance  whatever  owing  to  the  heavy  shade,  but  the  case  is  altered 
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■  -when  part  of  it  is  felled  and  a  clearing  made.  Before  the  seedlings  of 
the  forest  trees  have  had  time  to  grow  and  fill  up  the  blanks,  intro- 
duced by  the  agency  of  birds,  Lantana  springs  up  rapidly  and  in  a  short 
time  covers  the  clearing  so  densely  as  to  choke  the  seedhngs  altogether. 

Around  villages  in  the  infested  areas,  it  forms  dense  thickets  giving 
shelter  to  wild  animals,  and  also  conduces  by  the  cover  it  provides  to 
make  the  village  surroundings  extremely  insanitary.  In  the  Malnad 
area  of  Mysore,  it  is  believed  that  malaria  has  increased  in  virulence 
€ver  since  Lantana  occupied  the  open  areas  and  tended  to  the  conser- 
vation of  moisture  to  a  much  larger  degree. 

Although  owing  to  the  above  reasons  most  people  condemn  it  as 
an  injurious  weed,  there  is  also  an  opposite  camp  that  holds  that  it  is 
really  a  blessing  in  disguise.  According  to  them,  the  plant  has  great 
soil-renovating  properties.  Under  the  dense  cover  of  its  tliickets,  the 
soil-moisture  is  conserved  and  by  the  huge  mass  of  leaves  shed  by  the 
plant  in  the  course  of  a  decade  a  rich  humus  is  formed.  One  has  simply 
to  cut  the  Lantana,  set  fire  to  it  when  fairly  dry  and  plough  the  ashes 
in  and  the  land  is  fit  for  any  crop — cofEee,  tea  or  orange.  It  is  reported 
that  soils,  which  before  the  advent  of  Lantana  had  been  unfit  for  any- 
thing, have  since  been  converted  into  virgin  soils  in  which  anything 
could  be  grown.  The  ashes  are  reported  to  be  rich  in  potash  and  func- 
tion as  a  valuable  manure.  Lantana  is  also  believed  to  be  a  valuable 
nurse  for  sandal. 

However,  it  is  only  in  moist  areas  where  any  vegetation  will  flourish 
that  Lantana  thrives,  and  in  dry  areas  where  its  soil-improving  proper- 
ties would  be  of  the  greatest  value,  it  does  not  grow,  so  that  its  much- 
vaunted  qualities  do  not  come  into  play  where  they  are  really  needed. 
In  forests,  the  part  it  takes  in  the  spread  of  fires  is  enough  to  stamp, 
it  as  a  noxious  weed  of  the  worst  degree. 

Lantana  destructi&n. 
When  undertaken  at  the  very  outset  extermination  of  Lantana 
ty  mere  mechanical  means  is  quite  feasible,  but  when — as  is  the  case 
in  many  places — ^it  has  become  estabhshed  over  extensive  areas  it 
becomes  a  very  expensive  and  almost  impossible  measure.  In  the 
plateau  of  Chikalda  in  Berar,  the  plant  had  been  introduced  in  1865 
and  by  1890  it  had  not  only  spread  all  over  the  tableland  but  had 
extended  into  the  forests  along  the  slopes.  Control  measures  were 
undertaken  in  1893  and,  in  the  course  of  ten  years,  more  than 
Rs.  25,000  had  been  .spent  in  uprooting  Lantana.  As  the  number  of 
plants  had  become  considerably  diminished,  operations  were  stopped  in 
1903. 
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When  I  examined  the  area  recently  last  month  (January  1919)  T 
found  masses  of  Lantana  yet  stanchng  in  parts  of  the  forests  along  the 
road  from  Ghatang  to  Chikalda,  and  even  on  the  plateau  where  destruc- 
tion had  been  most  carefully  attended  to,  numerous  plants  were  notice- 
able, growing  undetected  in  odd  corners.  .This  shows  how  difficult  it 
is  to  attempt  to  exterminate  Lantana  where  it  has  really  overrun  the 
land.  At  present,  in  Coorg,  operations  on  a  very  large  scale  are  in 
progress,  for  exterminating  Lantana  in  the  forest  areas.  Lantana  stems- 
are  first  cut  and  set  fire  to,  in  summer  when  dry.  The  stumps  and 
roots  are  dug  out  when  the  rains  commence.  For  three  or  four  years 
in  succession,  the  same  area  is  watched  and  all  Lantana  seedlings  are 
carefully  removed.  By  the  fifth  year  the  seedlings  of  the  forest  trees 
sown  by  the  Department  have  had  time  to  shoot  up  and  form  a  leaf- 
canopy  under  cover  of  which  Lantana  cannot  flourish. 

As  may  easily  be  conjectured,  destruction  by  mechanical  means 
is  by  no  means  an  easy  task  and  would  involve  the  expenditure  of 
enormous  sums  of  money,  if  the  aim  be  to  exterminate  Lantana 
throughout  the  country.  Unless  the  work  is  done  with  the  thorough- 
ness it  demands,  it  is  probable  that  it  will  all  be  labour  wasted,  for, 
if  a  few  plants  be  left  unnoticed  in  odd  corners,  or  if  the  roots  are  not 
removed,  there  is  nothing  to  prevent  the  plant  from  spreading  and 
becoming  a  nuisance  once  again. 

Lantana  in  Haivaii. 
It  is  not  in  India  alone  that  Lantana  has  become  a  serious  pest. 
The  same  problem  has  come  into  existence  in  various  parts  of  the  Tropics. 
In  Hawaii,  it  was  reported  to  have  been  originally  imported  about 
1858.  The  Indian  Mynah  which  had  been  imported  into  Hawaii  is 
reported  to  have  been  chiefly  instrumental  in  spreading  the  plant  through- 
out the  island.  By  the  eighties,  Lantana  had  increased  enormously 
and  become  a  serious  problem  for  the  ranchmen.  About  1900, 
Mr.  Koebele,  the  Entomologist  in  Hawaii,  hit  upon  the  idea  of 
examining  Lantana  in  its  original  home  in  Mexico  and  studying  the 
conditions  existent  there.  In  1902  he  visited  Mexico  and  found  that 
Lantana  there  was  subject  to  the  attacks  of  various  insect  enemies, 
chief  among  which  was  the  Lantana  seed-fly,  a  small  Agromyzid.  the 
maggots  of  which  bred  in  the  unripe  fruit  and  destroyed  the  embiyos. 
There  were  also  a  Plume-moth  and  two  butterflies,  the  larvae  of  which 
bred  in  the  flower-buds  and  led  to  a  decrease  in  fruit  production.  There 
were  in  addition  a  leaf-miner,  a  Tingidid  bug  on  the  leaves  and  a  gall- 
fly in  the  shoots.  He  sent  parcels  of  all  these  insects  to  Hawai  where 
they  were  bred  and  hberated  by  Dr.  Perkins,  anothgj.  En*omoloaist 


676  FEOCEEDINGS    OF   THE   THIRD    ENTOMOLOGICAL    MEETING 

In  about  three  years,  it  was  reported  that  the  spread  of  Lantana  in 
Hawaii  had  been  very  greatly  checked.  In  Hawaii  this  method  was 
however  to  some  extent  marred  by  the  introduction  by  irresponsible 
persons,  private  ranchmen,  of  the  Lantana  bug,  Orthezia  insignis, 
which,  though  an  extremely  effective  check  on  Lantana,  was  found  to 
spread  to  cultivated  plants. 

In  1908-1909,  a  shipment  of  seed-fly  was  reported  to  have  been  made 
from  Hawaii  for  New  Caledonia  and  in  1912  we  hear  of  the  fly  having 
been  successfully  introduced  there.  The  seed-fly  appears  to  have  been 
introduced  into  Fiji  in  1915,  and  a  Bulletin  was  pubhshed  in  1916 
reporting  successful  results.  In  Februaryl917,  seed-fly  was  introduced 
from  Hawaii  into   Queensland. 

The  successful  results  reported  by  the  entomologists  in  Hawaii 
and  Fiji  led  to  the  question  of  the  advisability  of  trying  the  same  method 
in  India  also.  On  the  question  being  referred  to  them,  all  the  responsible 
entomologists  in  India  warned  the  Government  of  India  as  to  the  risks 
involved  in  the  introduction  of  foreign  insects  into  a  new  country,  as 
it  was  impossible  to  estimate  the  potentialities  of  an  introduced  insect 
in  its  adopted  country.  They  further  considered  that  the  indigenous 
insects  attacking  Lantana  in  India  might  first  be  studied,  especially 
with  reference  to  their  efficiency  in  preventing  the  spread  of  Lantana 
in  India.    Hence  my  deputation  on  Lantana  work. 


Lantana  ivorh. 

I  have  been  engaged  on  this  work  since  15th  November  1916  and 
have,  under  instructions  from  the  Imperial  Entomologist,  visited 
I;antana-infested  tracts  in  the  various  parts  of  India.  Nearly  five 
months  were  spent  in  Coorg,  which  is  without  question  the  part  worst- 
affected  by  Lantana  in  India.  After  Coorg,  parts  of  the  Wynaad,  the 
Nilgiris  and  the  Anamalais,  portions  of  Mysore,  the  Ramandrug  Hills, 
Dharwar,  parts  of  Burma  and  Assam,  parts  of  the  United  Provinces, 
the  Punjab  and  the  Central  Provinces  were  visited,  and  as  far  as  possible 
observations  as  to  the  occurrence  of  pests  on  Lantana  have  been  made 
and  specimens  of  insects  collected  and  reared. 

There  have,  however,  been  certain  factors  which  have  tended  to 
limit  the  degree  of  thoroughness  of  this  work.  If  the  best  results  are 
to  be  obtained,  it  is  indisputable  that  Lantana  ought  to  be  examined 
at  the  right  time  in  each  Province  in  order  to  observe  with  accmacy 
the  degree  of  maximum  effectiveness  of  the  chief  insects  of  the  parti- 
cular Province.  Owing  to  the  large  area  to  be  covered,  it  was  of  course 
impossible  to  arrange  to  visit  each  Province  at  the  really  proper  time. 
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For  example,  I  visited  Burma  during  the  dry  season  and  it  is  probable 
that  the  time  of  the  visit  was  one  of  the  reasons  why,  in  a  country  so 
teeming  with  insect-life,  so  few  insect  pests  were  noted  on  Lantana. 

Again  in  some  places,  people  did  not  know  what  Lantana  was  and 
in  general  I  found  it  rather  difficult  to  get  information  as  to  where 
Lcudana  occurred  in  abundance.  In  this  connection  I  beg  to  acknowl- 
edge the  great  help  received  from  the  Officers  of  the  Forest  and  Agri- 
cultural Departments  in  the  various  places  visited  by  me. 

Furthermore,  my  examination  could  not  be  restricted  only  to  areas 
where  Lantana  occurred  in  particular  abundance,  for  those  places  in 
which  it  might  be  found  in  small  numbers,  are  of  equal  and  possibly 
greater  importance.  Though  the  paucity  in  numbers  might  possibly 
be  due  to  the  unsuitability  of  the  chmate,  or  the  texture  of  the  soil, 
or  might  be  due  to  the  plant  having  been  quite  a  recent  introduction 
or  due  to  the  circumstance  of  the  variety  introduced  being  a  sterile 
one,  it  might  also  be  due  to  the  activity  of  insect  enemies.  Hence  a 
thorough  study  within  a  prescribed  time  of  the  enemies  of  this  plant 
in  a  vast  country  like  India,  becomes  an  impossibility. 

However,  what  we  really  want  to  know  is  whether  there  is  in  India 
any  insect  that  will  be  capable  of  readily  acting  as  a  check  on  Lantana, 
especially  one  of  the  nature  of  the  Agromyzid  of  Hawaii.  If  such  an 
insect  really  occurred  in  India,  it  is  very  probable  that  it  will  have  beea 
found  breeding  during  the  greater  part  of  the  year  and  traces  at  least 
of  its  occurrence  are  bound  to  have  been  found  even  during  the  dry 
season. 

Lantana  insects. 
Numerous  insects  have  been  noted  feechng  on  Lantana  in  India, 
chiefly  in  the  South.     Most  of  them  attack  the  flowers,  the  fruits  or 
the  leaves,  and  there  were  very  few  found  damaging  the  stems  or  the 
roots. 

On  the  fioivers,  the  following  are  some  of  the  insects  noted  : — 
Phti/ptilia  fusillidactijla,  the  Plume-moth  which  is  found  in  Mexico 
and  was  one  of  the  insects  introduced  into  Hawaii  ;  two  species 
of  Lobesia ;  a  Cacoecia ;  Homona  sp.,  etc. ;  several  hairy  cater- 
pillars, such  as  Diacrisia  eximia,  Olene  mendosa,  Euproctis 
scintillans,  etc.  ;  the  Noctuid,  Hypena  sp.  ;  two  species  of  Euble- 
mma ;  two  species  of  Geometrids ;  two  Meloids ;  three 
Cetoniads — Protatia,  etc.,  which  attack  the  basal  part  of  the 
flower-bunch  ;  four  species  of  grasshoppers  ;  a  Cecidomyiad  causing 
galls  in  flowers  ;  several  Capsids  ;  and  two  species  of  Thrips. 
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On  the  fruits. 
Platyptilia,  Lobesia  spp.,  Eublemma  spp.,  Zizera  gaika  (a  butterfij 
larva ;  taken  only  once)  ;  several    bugs  {PImitia,  Halymnor'pJia, 
Antestia,  Nezara,  etc.,  and  several  Capsids), 

On  the  leaves. 
Several  species  of  hairy  caterpillars  (Diacrisia,  Pericallia,  Creato- 
notus,   Trahala,  Olene)    Hypena    sp.,  two  or    three  leaf -rollers 
{Adoxophyes,   etc.),  two  Geometrids,   several  Grasshoppers,  two 
Scale-insects  and  an  Aleiirodes. 

On  the  stems. 
ArbeJa  sp.,  attacking  the  bark,  a  Shot-hole  borer,  Scale-insects, 
etc.     {Orthezia  in  an  Estate  on  the  Nilgiris),  a  bark-fungus  in 
South  India. 

Roots. 

Termites  in  a  few  instances,  and  a  fungus  of  the  Polyponis  type. 

In  addition,  a  species  of  Dodder  has  been  noted  attacking  Lantana 
in  some  of  the  moist  areas  as  at  Kathgodam,.Dehra  Dun,  parts  of  Burma,, 
etc. 

Thus  a  fairly  large  number  of  insects  has  been  noted  on  Lantana,. 
especially  in  the  South.  Of  these  Platyptilia  (the  Plume-moth)  is  the 
only  one  of  the  Mexican  insects  that  is  already  found  here.  It  breeds 
also  in  Lantana  indica  and  Lippia  geminata,  but  owing  to  the  occurrence 
of  parasites,  its  usefulness  is  considerably  minimized.  The  most 
important  of  the  Mexican  insects  is  undoubtedly  the  Agromyzid  fly. 
No  insect  of  that  sort  has  yet  been  noticed  in  India  breeding  in  the 
fruits  and  it  is  very  unlikely  that  it  will  be  found  in  India.  Caterpillars 
of  the  Plume-moth  and  Lobesia  sometimes  attack  the  fruits  too,  but 
generally  in  most  of  these  cases  the  embryos  which  are  lodged  in  special 
pockets  of  the  hard  shell  are  uninjured.  The  Cecidomyiad,  which 
causes  galls  in  fruits,  is,  even  when  it  occurs  in  maximum  abundance, 
of  low  efficiency  and  it  is  probable  that  it  is  identical  with  the  gall-fly 
in  Sesamum,  which  renders  it  a  dangerous  insect  to  introduce  elsewhere.* 

So  far  as  my  observations  go,  there  is  no  insect  which  is 
really  efficient  by  itself  in  acting  as  a  check  on  Lantana.  The  fly  does 
not  seem  to  occur  here.  Under  these  circumstances,  the  next  question 
probably  is  whether  we  can  safely  import  it  into  India.  We  know  it 
has  been  breeding  in  Hawaii  since  1902.  If  the  Agromyzid  had  been 
an  insect  capable  of  turning  its  attention  to  other  plants,  it  has  surely 

♦  Note.  Dr.  Felt  has  since  infornied  us  that  the  gall-flies  in  Lantana  and  Sesamum- 
are  quite  distinct. — Editor. 
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been  in  Hawaii  sufficiently  long  to  have  definitely  shown  such  tenden- 
cies. Being  a  part  of  the  Tropics,  the  flora  in  general  and  the  crops 
in  particular  in  Hawaii  are  unlikely  to  be  very  dissimilar  to  those  in 
India.  If  the  fly  has  not  become  a  pest  of  other  plants  during  a  decade- 
and  a  half  in  Hawaii,  it  is  not  more  likely  to  do  so  in  India.  Moreover, 
unlike  Scale-insects,  which  will  adapt  themselves  to  almost  any  plant, 
the  fly  is  a  type  of  a  specialized  insect.  The  tiir  Agromyzid  which  we 
find  in  India,  has,  so  far  as  I  know,  not  been  reared  from  any  other 
plant  and  it  is  as  unlikely  that  the  Lantana  fly  wiU  turn  its  attention 
to  any  other  plant  than  perhaps  L.  indica.  I  think,  therefore,  that 
there  will  be  no  special  danger  in  introducing  it  into  India,  but  before 
doing  so,  I  am  of  opinion,  that  we  ought  to  make  sure  by  waiting  to  the 
Entomologists  in  Hawaii  and  Fiji  and  New  Caledonia,  requesting  them 
to  let  us  know  their  experience  in  the  matter.  The  behaviour  of  the 
fly  might  also  be  studied  among  crops  of  various  kinds,  under  control 
in  breeding  cages,  before  actual  introduction. 

It  must  of  course  be  kept  in  mind  that  our  aim  in  introducing  this 
fly  is  not  to  exterminate  Lantana  but  to  check  the  spr-ead  of  the  plant 
by  minimizing  the  seed  production.  If  this  be  accomplished,  Lantana 
would  settle  down  into  the  rank  of  many  a  harmless  weed  whose  presence 
we  do  not  much  care  about. 

In  Mexico  and  in  Hawaii  there  is  a  Chalcidid  parasite  that  acts  as 
a  check  on  the  increase  of  the  seed-fly.  In  Fiji  it  appears  that  the 
parasite  has  been  introduced  along  with  the  fly  and  has  proved  a  clog 
on  the  usefulness  of  the  insect.  It  will  probably  be  necessary  that  the 
factor  of  the  parasite  should,  if  possible,  be  eliminated,  if  the  seed-fly 
is  to  be  introduced. 

Inc[uiries  might  also  be  made  of  the  Fiji  entomologists  if  the  seed- 
fly,  unaided  by  the  other  insect  enemies  of  Lantana  in  Mexico,  is  capable 
of  checking  the  spread  of  the  plant. 

Plant  pests. 
Lantana  and  Opiintia  (Prickly  Pear),  which  are  famihar  cases  of 
introduced  plants  spreading  injuriously  in  the  countries  of  introduction,, 
are  by  no  means  the  only  instances  of  this  sort.  I  have  personally  met 
with  numerous  examples  of  garden  plants  escaping  into  the  surrounding 
area  and  trying  to  elbow  out  the  indigenous  vegetation,  but  u.sually 
they  are  mostly  annuals  and  are  not  sufficiently  vigorous.  There  is 
however  the  well-known  case  of  the  water  hyacinth,  and  another  plant 
which  is  at  present  spreading  in  alarming  numbers  and  with  much  greater 
rapidity  than  Lantana  in  the  forests  of  Burma  and  Assam  and  around 
Calcutta.    I  refer  to  a  plant  of  the  Order  Compositse — Eufatmum  odora- 
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him,  a  West  Indian  species  introduced  as  a  garden  plant  and  known 
as  Bi-zat  in  Burma.  It  is  incomparably  a  greater  nuisance  than  Lantana 
in  Burma  and  Assam,  and  measures  ought  to  be  taken  to  prevent  it 
spreading  into  the  moist  tracts  of  Southern  India  and  Ceylon,  where 
it  is  sure  to  become  a  greater  nuisance  than  Lantana. 

This  is  merely  a  preliminary  note  on  Mr.  Ramachandra  Eao's  work 
on  Lantana' dm'mg  the  last  two  years.  He  is  now  writing  up  his  results 
more  fully  and  they  will  be  published  in  due  course. 

As  regards  the  introduction  of  the  Agromyza  into  India,  the  conditions 
are  not  so  simple  as  Mr.  Ramachandra  Rao  would  lead  us  to  beUeve. 
It  is  true  that  in  Hawaii  it  has  not  attacked  any  plants  other  than 
Lantana  but,  as  Mr.  Fullaway  pointed  out  in  his  paper,  the  position  in 
Hawaii  is  rather  a  special  one.  For  one  thing  there  are  no  Verbenace- 
ous  plants  of  any  importance  other  than  Lantana ;  this  is  by  no  means 
the  case  in  India.  I  have  had  a  good  deal  of  correspondence  with  the 
Hawaiian  entomologists  on  this  question  and  there  does  not  seem  to 
be  a  very  united  body  of  opinion  even  in  Hawaii  regarding  the  real 
effectiveness  of  the  Agromyza,  of  which,  by  the  way,  I  have  some  speci- 
mens if  anyone  would  care  to  see  them. 

32.— A  NOTE  ON  CRABS  AS  PESTS  OF  RICE. 
By  C.  C.  CtHOSH,  B.A.,  Assistant  to  the  Imperial  Entmnologist. 

Reports  have  occasionally  been  received  of  damage  to  growing 
rice  plants  by  freshwater  crabs.  The  question  came  up  for  discus- 
sion at  the  Second  Entomological  Meeting  held  at  Pusa  in  February 
1917  and  the  information  then  elicited  will  be  found  at  pages  155 — 159 
of  the  published  Proceedings  of  that  Meeting.  Some  observations 
were  afterwards  made  by  the  writer  in  a  few  villages  in  Bankura  district 
and  in  a  large  rice-growing  tract  known  as  Barail  in  Muzaffarpur  district, 
comprising  villages  Barail,  Munni,  Banra,  Lobanra  and  a  few  others,  at 
a  distance  of  about  six  miles  to  the  north  of  Pusa.  These  observations 
are  briefly  described  in  this  paper. 

A  few  broad  facts  concerning  the  hfe-history  and  habits  of  fresh- 
water crabs,  partly  derived  from  the  writer's  past  experience  in  his 
own  and  neighbouring  villages  in  West  Bengal  and  partly  gathered  in 
the  course  of  this  inquiry,  will  not  be  out  of  place  here. 

Crabs  are  always  found  in  ponds  in  West  Bengal  but  seldom  in  large 
numbers.  They  live  in  holes  near  the  edge  of  the  water  and  although 
the  mouth  of  the  holes  may  be  in  dry  ground  and  clear  of  water  there 
is  always  water  in  the  holes  and  the  crabs  actually  live  in  water.    They 
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are  also  found  to  live  at  the  bottom  of  the  pouds  where  they  go  apparently 
in  search  of  food  and  are  frequently  brought  up  in  the  fishermen's  nets 
and  sometimes  cut  the  angler's  fishing  line.  Other  reservoirs  of  water 
such  as  ditches  and  burrow-pits  dug  on  either  side  of  high  roads  also 
harbour  crabs.     These  crabs  are  dark  brown  in  colour  and  are  edible. 

A  yellow-browTi  crab  is  very  common  in  rice-fields  in  the  Bankura 
district  in  the  rainy  season.  Breeding  takes  place  about  July-August 
when  young  crabs  are  extremely  common  in  the  shallow  water  standing 
in  the  fields  and  the  larger  ones  are  found  to  carry  the  brood  in  the 
brood-pouch  under  the  abdominal  fold.  At  the  close  of  the  rainy  season 
when  the  water  dries  up  from  the  fields,  the  crabs  burrow  underground 
and  hibernate  and  sestivate  there,  coming  up  and  resuming  activity 
ill  the  next  rainy  season.  The  \vi-iter  remembers  to  have  seen  many 
years  ago  in  his  native  village  in  this  district,  a  crab  resting  in  a  small 
chamber  just  big  enough  for  itself  at  a  depth  of  about  5  or  6  feet  in  a 
field  where  a  well  was  being  dug  in  the  hot  weather  about  April-May. 
The  chamber  was  moist  or  rather  slightly  muddy.  The  crab  was  resting 
and  would  have  come  out  in  the  rains.  A  crab  collected  from  these 
fields  in  July  1917  has  been  identified  at  the  Indian  Museum  as  Paratel- 
jjJnisa  (Barytelfhusa)  sp.  nov  ?  allied  to  P.  {B.)  napea,  Alcock.  But  it 
is  not  known  how  many  species  actually  occur  there.  Although  crabS 
are  so  common  in  these  fields  no  damage  is  ever  reported  to  be  caused 
by  them  to  the  rice  crop.  It  may  be  noted  that  these  rice-fields,  like 
most  of  the  rice-growing  lands  in  West  Bengal,  are  situated  on  high 
land.  They  are  not  marshy  and  do  not  afford  any  opportunity  to  the 
rainwater  to  collect  in  deep  pools.  In  the  rainy  season  water  has  to  be 
collected  in  them  by  means  of  bunds  or  banks  around  them.  The  only 
trouble  fi-om  crabs  is  that  they  make  holes  in  these  bunds  and  allow 
the  water  to  escape.  This  is  probably  the  experience  of  all  paddy- 
growers  in  high  lands.  Therefore  it  is  a  routine  with  the  cultivators 
to  visit  their  fields  every  day  during  the  whole  period  when  the  ^^resence 
of  water  is  essentially  necessary  for  the  crop. 

In  order  to  be  able  to  see  crabs  at  a  place  where  damage  is  reported 
to  be  caused  by  them  to  rice  plants,  a  visit  was  paid  to  Barail  in  Muza- 
ffarpur  District  on  the  25th  October  19l7.  Here  there  were  thousands 
of  acres  under  rice  and  the  entire  area  was  still  under  water,  at  some 
places  several  feet  deep.  Only  small  portions  here  and  there,  situated 
on  higher  levels,  were  free  from  water.  The  place  is  a  low  land  and 
remains  under  water  from  about  June  to  November  every  year.  On 
the  way  to  Munni,  a  village  situated  somewhere  about  the  middle  of 
this  tract,  numerous  crab-holes  could  be  observed  near  the  edges  of 
the  water  on  both  sides  of  the  road  which  was  of  the  form  of   a  hio-h 
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embankment  througli  the  rice-fields  under  water.  Crab-lioles  were 
similarly  present  on  all  mounds  and  embankments  in  the  midst  of  the 
fields.  The  crab-holes  were  deep  holes  underground,  each  with  a  large 
mass  of  earth  thrown  out  of  its  mouth,  much  like,  though  very  much 
larger  than,  the  casting  of  earthworms.  The  local  people  reported 
that  as  it  was  the  end  of  the  season  the  crabs  were  taking  shelter  in  these 
holes  where  they  would  remain  till  the  next  season. 

At  Munni,  in  walking  through  the  jjlots  from  which  the  water  had 
receded  but  which  still  had  small  pools  of  water  here  and  there,  a 
medium-sized  crab  was  observed  in  the  act  of  cutting  a  rice-plant 
in  ear.  The  plant  was  sheared  off  entirely  about  three-fourths  of  an 
inch  above  the  soil  across  the  third  internode  from  the  roots.  The  cut, 
not  exactly  transverse  or  smooth  but  somewhat  lacerated  and  oblique, 
extended  for  about  one- third  of  an  inch  in  length.  No  portion  of  the 
stem  was  observed  to  be  eaten.  The  crab  was  disturbed  by  our  approach 
and  it  moved  away,  thus  making  the  water  turbid.  It  sat  buried  in 
the  substratum  of  mud  in  such  a  manner  that  it  was  altogether  hidden 
from  view  and  to  locate  and  catch  it  became  difficult.  This  specimen 
got  mixed  up  in  the  general  lot.  But  so  far  as  can  be  remembered 
it  was  Potamon  (Acanthopotamon)  martensi,  Wood-Mason.  At  one 
place,  about  a  foot  or  a  little  more  under  water,  a  plot  about  one-fourth 
of  an  acre  in  area  was  observed  in  which  the  crop  in  ear  seemed 
to  have  been  thinned  and  many  plants  were  floating  on  the  surface  of 
the  water.  The  owner  of  the  plot  ascribed  the  damage  to  crabs.  The 
plants  were  cut  near  their  bases  and  the  incision  seemed  to  be  caused 
by  crabs.  At  another  place  which  was  under  about  three  to  four  feet 
of  water,  floating  plants  could  be  collected  which  were  similarly  cut 
by  crabs  near  the  base.  It  was  evident  that  the  crabs  lived  at  the 
bottom  of  the  water  and  as  practically  during  the  whole  of  the  rice- 
growmg  season  the  entire  area  remained  submerged,  the  greater  portion 
of  it  under  several  feet  of  water,  the  crabs  were  quite  out  of  sight  and 
reach.  The  people  ascribed  no  damage  to  crabs  in  the  earlier  stages 
of  the  rice  plants  and  said  that  gro\\ai-up  plants  were  attacked  and 
always  in  patches  here  and  there. 

The  children  of  a  class  of  local  people  known  as  Mushahars  were 
asked  to  collect  some  crabs  for  specimens.  Five  of  them,  two  girla 
and  three  boys,  all  about  8  or  9  years  old,  volunteered  at  once.  It 
was  not  easy  to  locate  and  find  out  the  crabs  in  the  rice  fields.  The 
children  resorted  to  the  following  modvs  operandi.  There  were  numer- 
ous crab-holes  by  the  sides  of  roads  and  bunds  and  by  the  edges  of  the 
receding  water.  The  children  thrust  their  whole  arm  into  those  situated 
near  the  edges  of  water  and  pulled  out  the  crabs  quickly.     Every  hole 
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did  not  yield  its  tenant  which  in  some  cases  most  probably  happened 
to  be  beyond  the  arm's  length  of  the  children.  On  an  average  one 
crab  was  obtained  from  one  hole  in  every  three.  Sixty  crabs  in 
different  stages  of  growth  were  thus  collected  in  a  very  short  time.  In 
all  about  80  crabs  were  obtained.  They  comprised  the  following  three 
different  species  as  determined  in  the  Indian  Museum,  Calcutta,  after- 
wards : — 

(1)  Potamon  {Acanthopotamon)  martensi,  Wood-I 

(2)  Paratelphusa  (Parafelphusa)  spinigera,  Wood- 

(3)  Potamon   (Acanthopotamon)   sp.    nov.  allied  to  P.    (A.)   wood- 

masoni,  Alcock. 

The  majority  of  them  were  P.  (A.)  martensi.  P.  (P.)  spinigera  was 
fewer  in  number.  While  there  were  only  a  few  specimens,  probably 
only  one,  of  the  new  species  of  Potamon  which  happened  to  be  sent 
to  the  Indian  Museum  for  identification.  At  the  time  they  were 
collected  no  attempt  was  made  at  discrimination  and  they  were  kept 
together  in  the  following  manner  in  a  shed  in  the  Insectary  compound 
in  two  zinc  cylinders.  About  six  inches  of  earth  was  placed  in  the 
cylinders  and  stools  of  rice  plants  about  three-fourths  grown  trans- 
planted mto  it  and  then  water  was  poured  in  so  that  it  stood  about 
two  inches  above  the  level  of  the  earth.  In  one  cylinder  two  feet  in 
diameter  fifteen  crabs  were  put  in  with  ten  stools  havmg  49  plants. 
In  another  cyhnder  three  feet  in  diameter  55  were  kept  with  80  plants 
in  1 7  stools.  They  seemed  to  be  at  ease  in  both  the  cylinders.  Between 
26th  October  and  15th  December  only  five  plants  in  the  smaller  cylinder 
and  6  plants  in  the  larger,  were  cut  and  none  afterwards.  No  part 
of  the  cut  plants  was  observed  to  be  eaten.  The  crabs  lived  in  these 
cylinders  up  to  June  1918.  All  did  not  live,  many  dying  at  intervals. 
Thus  at  the  end  of  April  1918  only  three  in  the  larger  cylinder  were 
alive  and  none  in  the  smaller.  They  did  not  breed  and  were  not  observed 
to  be  dormant  at  any  time.  There  was  no  food  unless  of  course  they 
derived  anything  from  the  mud  and  water.  Mosquitos  were  breeding 
in  the  water  but  there  was  nothing  to  show  that  the  crabs  were  preying 
upon  the  mosquito  larvse.  Probably  they  did  not  require  any  food 
as  they  are  knoum  to  hibernate  and  sestivate  underground  from  about 
December  to  June  under  natural  conditions. 

On  the  13th  April  1918  a  second  visit  was  paid  to  the  same  locality 
at  Munni  where  the  crabs  were  collected  in  October  1917.  The 
fields  were  perfectly  dry  at  this  time.  A  search  was  made  for  crabs 
in  two  reservoirs  of  water  and  they  could  be  found  in  holes  near  the 
edge  of  the  water  but  their  number  was  by  no  means  large.  Several 
boys  took  several  hours  to  collect  30  only.     Those  collected  were  in 
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different  stages  of  growth  as  observed  in  October.  They  were  not 
dormant,  as  freshly  made  holes  were  observable.  Both  P.  {A.)  martensi 
and  P.  (P.)  spmigera  were  present,  the  former  being  in  larger  numbers. 
In  the  dry  fields  which  were  not  yet  ploughed  up  the  dried  castings 
of  crabs  were  prominently  noticeable  as  small  mounds  of  earth.  The 
holes  came  to  view  when  these  castings  were  removed.  Five  such 
holes  were  dug  out  and  at  a  depth  of  about  10  to  12  feet  five  crabs  were 
found,  one  in  each  hole.  These  five  are  shown  in  the  photograph.* 
The  three  larger  ones  are  P.  (P.)  spinigera  but  the  largest  of  them  is 
only  about  half  the  size  of  large  specimens  of  spinigera  observed  in  this 
locality.  The  two  small  ones  in  the  photograph  are  P.  (A.)  martensi 
and  they  are  quite  young.  The  earth  at  the  depth  where  these  crabs 
were  foimd  was  soft  and  muddy  but  there  was  no  water  although  a 
httle  water  was  oozing  out  into  the  pit.  The  holes  were  open  through- 
out their  length  and  not  clogged  or  blocked  anywhere.  The  crabs 
were  not  actually  dormant  but  they  were  certainly  less  active  and  less 
agile  than  when  observed  in  water  in  the  rice  fields  in  October. 

A  third  collection  of  crabs  from  the  same  locality  was  made  on  20th 
January  1919  in  holes  near  water  where  available.  Foitr  men  took 
about  the  whole  day  to  collect  41  specimens  which  were  in  different 
stages  of  growth  but  none  of  them  appeared  to  be  full-grown.  Out 
of  these  41,  only  four  were  P.  (P.)  spinigera  and  the  rest  P.  (A.)  martensi. 
The  season  of  activity  of  the  crabs  at  Barail  lasts  throughout  the 
rains.  The  MtishaJiars,  who  use  these  crabs  largely  as  food,  said  that 
breeding  takes  place  in  Asar  (June- July),  i.e.,  the  early  part  of  the 
rains,  when  the  mothers  are  observed  to  carry  the  brood  in  the  brocd- 
pouch  under  the  abdominal  flap.  The  crabs  live  in  the  fields  as  long 
as  the  latter  are  under  water.  When  the  water  recedes  or  dries  they 
make,  and  go  into,  holes  underground.  The  holes  are  extended  down- 
wards with  the  subsidence  of  the  level  of  the  subsoil  water.  The  winter 
and  summer  are  passed  in  these  holes.  From  the  size  of  the  hibernating 
and  sestivating  specimens  collected  at  different  times,  it  would  appear 
that  these  crabs  take  several  years,  probably  three  to  four  or  more, 
to  become  full-grown.  Large  numbers  of  them,  probably  all  which 
escape  from  enemies,  successfully  liibernate  and  sestivate.  In  fact 
it  becomes  necessary  for  them  to  be  able  to  do  so  when  they  take  such 
a  long  period  to  attain  full-growth.  Their  underground  life  is  a  great 
help  in  this  respect.  In  order  to  give  a  rough  idea  as  to  the  numbers 
which  hibernate  and  sestivate,  it  may  be  mentioned  that  in  an  area 
of  about  50  yards  by  40  yards  of  the  plot  of  land  in  which  the  five  crabs 

*  Not  reproduced. 
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mentioned  above  were  dug  out,  there  were  107  dry  castings  of  crabs. 
It  was  certain  that  many  more  castings  had  been  displaced  and  removed, 
this  place  being  the  pasture  ground,  during  the  hot  weather,  of  hundreds 
of  cattle  from  even  distant  villages. 

Barail  is  situated  on  the  north  side  of  the  river  Gandaki  flowing 
by  the  Pusa  Estate.  On  the  south  side  there  are  large  rice-growing 
tracts  in  which  no  damage  by  crabs  is  reported,  though  crabs 
are  common  at  a  distance  of  only  about  two  miles  from  these  fields 
on  the  opposite  side  of  the  river.  These  fields  do  not  allow  water  to 
accumulate  in  the  way  the  Barail  fields  do.  The  local  people  explain 
the  presence  of  crabs  in  Barail  fields  and  their  absence  in  the  others 
by  saying  that  the  Barail  fields  are  flooded  every  year  and  many  crajjs 
come  into  these  fields  with  the  flood  water.  This  however  does  not 
seem  to  be  the  actual  fact.  These  crabs  do  not  live  in  sandy  beds  of 
rivers.  Moreover  they  are  creeping  and  not  natatory  in  their  locomo- 
tion, being  structurally  incapable  of  swimming.  They  chng  to  the 
surface  of  the  earth  as  a  rule.  Therefore  there  is  hardly  any  likelihood 
of  their  being  carried  off,  at  least  in  large  numbers,  by  a  current  of  water. 
The  real  reason  appears  to  be  the  presence  of  several  feet  of  water  in 
the  Barail  fields  for  about  half  the  year.  It  is  also  probable  that  parti- 
cular soils  afford  favourable  conditions  for  excavating  holes. 

Before  proceeding  to  a  discussion  of  the  conditions  of  damage  to 
growing  rice  plants  by  crabs,  a  few  remarks  may  be  made  on  their 
enemies.  In  Burma  Mr.  Shroff  notes  that  herons,  storks,  cranes  and 
other  wading  birds  are  natural  enemies  of  crabs.  While  herons,  etc.,' 
may  destroy  some  of  the  young  ones,  it  is  doubtful  whether  any  birds 
prey  upon  crabs  as  a  rule.  The  greatest  of  all  enemies  are  human 
beings.  Everywhere  the  lower  classes  of  people  eat  these  freshwater 
crabs,  while  the  children  of  higher  classes  too  indulge  in  them  in  some 
parts  of  the  country.  In  Western  Bengal  the  pond-living  ones  are 
preferred  as  food  to  the  field-living  ones.  Marine  crabs  are  of  course 
liked  and  eaten  by  various  classes  of  people  and  form  a  regular  sale- 
able article  for  food  like  fish  in  Calcutta.  According  to  the  Ayurvedic 
system  of  treatment,  crabs  are  a  wholesome  diet  for  patients  having 
pulmonary  complaints  including  consumption.  At  Barail  the  Muslia- 
hars  collect  the  crabs  in  large  numbers  and  eat  them.  It  is  said  that 
in  this  way  cartloads  of  crabs  are  disposed  of  every  year.  They  are 
also  evidently  eaten  by  other  classes  of  people  besides  the  Miishahars, 
as  they  are  brought  for  sale  to  the  local  Jiats  and  pettiaJts  and  the  usual 
price  is  a  quarter  of  an  anna  for  about  a  pound  containing  about  10 
to  30  crabs  according  to  size.  Jackals  are  known  to  eat  field  crabs  in 
Western  Bengal,  parts  of  the  hard  carapace  and  limbs  of  crabs  being 
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found  in  their  droppings.  There  are  many  folk-tales  current  in  which 
the  crab  figures  as  the  aunt  of  the  jackal.  It  is  said  that  the  jackal 
has  a  pecuhar  trick  of  getting  the  crab  out  of  the  hole.  The  tail  is 
thrust  into  the  hole  and  when  the  crab  has  caught  hold  of  it  with  the 
pincers  it  is  pulled  out  and  the  crab  with  it.  It  is  not  known  how  far 
it  is  true.  But  to  anglers  in  ponds  in  Western  Bengal  the  crab  is  known 
to  keep  its  hold  on  the  fishing  hue  which  is  being  pulled  up  to  the  siu-face 
of  the  water.     It  is  not  known  what  other  enemies  prey  upon  crabs. 

In  the  WTiter's  experience  crabs  have  not  been  observed  to  cause 
damage  on  any  scale  although  plants  have  been  observed  to  be  cut 
and  the  crop  thinned  in  patches.  It  could  not  be  made  out  why  plants 
were  cut  in  this  manner.  They  ceistainly  did  not  afford  food  to  the 
crabs.  If  the  crabs  had  eaten  the  plants  or  had  been  obliged  to  cut 
them  in  order  to  get  their  food,  it  was  clear  from  the  enormously  large 
number  present  in  the  Barail  fields  that  severe  damage  would  have 
resulted  and  probably  rice-growing  would  have  been  impossible  there. 
No  damage  was  reported  at  Barail  to  be  caused  to  the  young  crop. 
According  to  Mr.  T.  V.  Eamakrishna  Ayyar,  the  soft  central  pulpy 
parts  of  young  paddy  plants  are  eaten  by  the  crab,  Paratelphusa  hydro- 
■  dromus,  which  occurs  in  Madras.  In  the  grown-up  plants  observed 
to  be  cut  at  Barail  and  also  in  confinement  in  the  Insectary,  the  part 
of  the  plant  tackled  by  the  crab  was  only  a  hollow  tube.  In  Burma 
according  to  Mr.  Shroif  the  principal  damage  due  to  crabs  is  in  the 
form  of  burrows  in  the  bunds  between  the  fields  which  allow  the  water 
to  percolate  through.  This,  as  noted  above,  is  experienced  probably 
in  all  high  lands  under  paddy.  In  Burma  some  mischief  is  also  reported 
to  be  caused  to  young  plants,  especially  young  transplants,  which  are 
said  to  be  pinched  off.  It  seems  almost  certain  that  the  Barail  crabs 
derive  hardly  any  food  from  paddy  plants.  To  the  writer  it  seems 
.that  they  cut  some  plants  not  by  choice  but  owing  to  an  inherent  habit 
•  of  occasionally  pinching  with  their  pincers  long  and  slender  substances 
and  probably  those  which  stand  vertically.  It  is  a  common  experience 
of  anglers  in  ponds  of  Western  Bengal  to  have  their  fishing  lines  cut 
by  crabs  a  httle  above  the  point  of  attachment  of  the  hooks  which  are 
thus  lost.  In  some  places  a  large  number  of  crabs  happen  to  be  present 
and  therefore  a  large  number  of  plants  happen  to  be  cut.  This  is  why 
damage  occurs  only  in  patches  here  and  there  and  such  damage  may 
be   severe  occasionally. 

From  observations  so  far  made  the  writer  comes  to  the  following 
conclusions : 

1.  Crabs  occur  in  all  places  where  water  accumulates  and  stands 
for  long  periods.     They  are   therefore    likely  to    and    do    occur  in    all 
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rice-growing  fields,  whetlier  higli  or  low.  The  highlands  having  only  a 
few  inches  of  water  for  a  comparatively  short  period,  the  conditions  are 
unfavourable  to  the  crabs  and  their  natural  enemies  have  better  chances. 
Therefore  in  such  lands  only  a  small  number  of  crabs  appear.  While 
in  low  lands,  having  deep  water  for  the  greater  part  of  the  year,  the 
conditions  are  altered  both  for  the  crabs  and  their  natural  enemies. 
Therefore  a  large  number  of  crabs  are  found  in  such  lands.  Of  course 
much  will  depend  on  the  habits  of  particular  species. 

2.  In  North  Bihar  crabs  cannot  be  considered  a  pest  of  rice  in  the 
strict  sense  of  the  term.  In  high  lands  no  damage  is  reported  to  be 
done  to  the  crop  itself,  although  a  form  of  indirect  harm  to  it  may  be 
caused  by  the  burrowing  of  holes  in  the  bunds  through  which  the  water 
escapes  from  the  fields.  In  low  submerged  lands  which  afford  favour- 
able conditions  the  number  of  crabs  present  is  usually  large  and  owing 
to  their  habit  of  cutting  across  thin  long  substances  some  plants  may 
be  cut  by  them.  In  such  lands  therefore  it  would  be  a  gain  if  some 
means  could  be  adopted  to  diminish  their  number  every  year  as  a 
matter  of  routine.  For  this  purpose  collection  by  hand  is  the  only 
feasible  and  the  cheapest  method. 

Has  anyone  got  any  information  about  the  natural  enemies  of  crabs  1  Mr.  Fletcher. 

Crows  attack  crabs.  Mr.  Inglii, 

I  do  not  know  how  far  you  believe  the  story  about  the  jackal  catching  Mr.  Fletcher, 
crabs  by  means  of  thrusting  its  tail  into  the  crab's  hole  but  there  is 
rather  a  curious  confirmation  of  it,  in  the  case  of  the  fox,  given  by 
Olaus  Magnus,  a  Scandinavian  Bishop  who  lived  in  the  sixteenth  century. 
He  says : — "  Sometimes  fearing  the  multitude  of  wasps,  he  counter- 
feits and  hides  himself,  his  tail  hanging  out :  and  when  he  sees  that 
they  are  all  busy,  and  entangled  in  his  thick  tail,  he  comes  forth,  and 
rubs  them  against  a  stone  or  tree,  and  kills  them  and  eats  them.  The 
same  trick,  almost,  he  useth,  when  he  lyes  in  wait  for  crabs  a^d  small 
fish,  running  about  the  bank,  and  he  lets  down  his  tail  into  the  water, 
they  admire  at  it,  and  run  to  it,  and  are  taken  in  his  fur,  and  pull'd 
out."  In  this  old  woodcut  [exhibited]  you  see  a  fox  with  his  tail  in  the 
water  and  a  number  of  cray-fish  "  admiring  at  it,"  to  use  Olaus  Magnus' 
words.  So  it  seems  quite  possible  that  the  jackal  actually  does  catch 
crabs  in  this  way. 

The  same  tale  is  current  in  South  Incha  and  also  in  Bombay. 

In  Mysore  the  crabs  are  usually  caught  by  hanging  a  rope  down  Xyyar. 
into  the  water  and,  when  the  crabs  get  hold  of  it,  they  are  pulled  up.  Mr.  Kunhi 
But,  as  they  let  go  their  hold  when  near  the  surface,  a  hand-net  is  used  ^^^^^'^' 
to  net  them. 
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Mr.  Ramakiishna 

Ayyar. 


In  some  places  shells  of  water-snails  are  tied  at  the  end  of  a  rope, 
and,  by  moving  the  rope,  a  jingling  sound  is  produced,  and  this  sounds 
like  the  noise  of  water  coming  in  and  the  crabs  come  out  of  their  holes 
and  are  then  hooked.     I  have  seen  this  done  several  times. 

In  some  places  they  grind  together  two  stones,  with  sand  in  between 
them,  and  the  crabs  think  it  is  raining  and  come  out  of  their  holes. 

Crabs  are  doing  damage  in  South  India.  As  a  rule  the  crabs  are 
carnivorous  but  the  young  ones  probably  cannot  get  the  desired  food 
and  so  they  take  to  paddy  seedlings.  We  have  actually  seen  them 
cutting  paddy  and  after  dissection  found  paddy  in  their  stomachs. 
The  adults  live  in  holes  and  these  holes  are  not  as  Mr.  Ghosh  described. 
They  are  winding  about  and  at  the  bottom  of  the  hole  is  a  little  water. 

We  tried  the  following  bait.  We  made  small  balls  of  Paris  Green, 
molasses  and  bran  and  placed  them  at  the  mouths  of  the  burrows.  At 
the  time  there  was  no  crop  in  the  field.  This  worked  very  well  for  two 
or  three  days  and  we  killed  thirty  or  forty  crabs  out  of  a  hundred  holes. 
They  did  eat  the  bait  as  was  proved  by  the  examination  of  their  stomachs. 
But  after  two  days  they  did  not  eat  any.  We  do  not  know  why.  It 
is  only  the  seedling  that  is  damaged  and  if  this  is  protected  for  a  week 
or  ten  days  there  is  no  more  trouble.  We  used  a  wire-gauze  screen 
at  one  place  and  it  kept  them  out  for  sometime,  but  it  is  not  possible 
to  do  this  over  large  areas.  In  lands  which  are  irrigated  they  are  bad. 
They  hibernate  as  adults  and  breed  in  June  or  July,  i.e.,  in  the  early 
Rains. 

How  big  are  the  balls  you  use  1 

As  big  as  a  marble,  half  an  inch  or  so  in  diameter. 

Crabs  in  many  parts  do  not  damage  the  paddy  plants  directly  but 
are  harmful  indirectly  as  they  make  holes  in  the  himds  and  let  water 
out.     In  one  field  there  were  five  hundred  holes  in  a  bund. 

We  had  a  similar  complaint  from  the  Salt  Department.  Holes 
were  made  and  water  drawn  off. 

In  Egypt  a  Paratelphusa  ?  bores  holes  in  dams  and  lets  the  water 
out. 

We  tried  crab-pots.  They  are  deep  pots  and  are  kept  with  their 
mouth  just  above  the  water  level  and  we  keep  in  them  some  fried  things. 
Crabs  drop  down  in  them  and  they  are  not  able  to  get  out. 

In  our  parts  crabs  do  damage  to  paddy  in  the  following  way.  During 
the  summer  the  whole  field  is  under  water  and  then  we  make  bunds 
and  draw  off  the  water.  The  crabs  make  holes  and  the  water  comes 
in  again. 

Why  the  damage  is  not  visible  is,  I  believe,  due  to  the  fact  that 
in  most  places  handfuls  of  seedlings  are  put  in  one  place  and  if  two 
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or  three  are  cut  it  is  not  noticed,  but  when  they  are  put  singly  the 
damage  is  more  noticeable.  The  cultivators  therefore  do  not  hke  this 
mode  of  cultivation.  The  only  enemy  we  have  in  Madras  is  Ardeola 
giayi.  By  draining  off  the  water  we  noticed  some  reduction  in  the 
number  of  the  young  crabs  which  went  to  lower  fields  with  the  water. 

33.— NOTES  ON  SOME  LAND  AND  MARINE  CRABS  AND  FIELD- 
SNAILS  WHICH  ARE  PESTS  IN  BURMA.  " 

By  K.  D.  Shroff,  B.A.,  Entomological  Assistant,  Burma. 

Land  Crabs. 
The  specimens  of  land-crabs  collected  from  the  paddy  fields  in 
difi'erent  districts  were  identified  by  Mr.  Kemp,  Superintendent  of  the 
Zoological  Survey  of  India,  as  the  following  :— 
(a)  Potamon  dayanum,  Wood-Mason. 
(6)  Potamon  calvum,  Alcock. 

(c)  Potamon  andersonianmn  var  rangoonense,  Roth. 

(d)  Potamon  pealianum,   Wood-Mason. 

Of  these,  Potamon  dayanum  is  the  most  common  species.  The 
last  two  species  were  received  from  the  Southern  Shan  States. 

Experiment  with  mahaga  on  Land-crabs. 

Mahaga  (Linostoma  decandrum,  Wall.)  is  a  creeper  which  grows 
on  and  at  the  foot  of  the  Kachin  hills.  The  roots  of  this  creeper  are  used 
for  poisoning  fish.  They  are  pounded  and  mixed  with  mud  and  water 
and  allowed  to  stand  for  four  or  five  days.  The  mixture,  which  becomes 
most  offensive  in  odour,  is  baled  into  the  water  and  all  fishes  and  insects 
hving  therein  are  killed. 

Eight  plots,  each  eight  feet  square,  were  prepared  with  raised  bunds 
and  in  each  plot  ten  crabs  were  put  after  the  seedlings  were  transplanted. 
Then  the  wwAa^ra-water  was  poured  into  these  plots.  The  crabs  managed 
to  escape  during  the  night.  The  plants  ought  to  have  been  killed  by 
the  poison,  but  they  were  not,  and  it  is  presumed  that  the  mahaga- 
powder,  which  was  two  years  old,  had  probably  lost  its  property. 

Marine  crabs. 
The  paddy  fields  of  Burma,  which  are  completely  flooded  in  the 
rains  and  then  communicate  with  permanent  sheets  of  water  like  rivers, 
creeks  and  the  sea,  are  affected  by  the  inroads  of  multitudes  of  certain 
species  of  marine  crabs  and  field-snails.  The  following  species  are 
found  along  the  seacoast  and  the  margins  of  rivers  and  tidal  creeks 
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but  very  little  is,  in  fact,  known,  at  present,  of  their  habits  and  life- 
histories. 


Marine  Crabs. 


(1)  VarunaUtterata,  F. 

(2)  Metaplax  dentipes.  Heller. 

(3)  Sesarma  edwardsi,  de  Man. 

(4)  Gelasimus  acufus,  Stimpson 

(5)  Ampiillaiia  sp.,     .  .         .         Field-snails. 


1.  Varuna  litterata,  F. 

(Vernacular  name  Paung-ganan  or  Paung-si-ganan.) 

According  to  the  reports  of  the  District  and  Settlement  officers,  th& 
Varuna  crabs  come  up  from  the  sea  with  the  high  tides  and  enter  the 
paddy  fields.  They  are,  at  that  time,  too  small  to  cause  any  damage 
to  the  crop.  The  young  grow  in  the  soil  of  paddy  fields  and  small 
creeks  and.  when  full-grown,  migrate  to  the  sea  for  oviposition  at  the 
spring  tides  of  the  following  year. 

The  female  crab  lays  her  eggs  in  the  sea  or  on  the  sea-coast  and  the 
young,  which  hatch  out,  come  up,  as  already  stated,  along  the  creeks 
and  shelter  in  the  fields. 

In  the  Hanthawaddy  district  it  is  said  that  the  yos  (blind  water 
courses)  and  chaungs  (streams)  are  black  with  them  and,  while  the 
migration  to  the  stream-banks  is  going  on,  cattle  cannot  go  about  the 
fields. 

The  adult  crabs  nip  and  eat  up  the  sprouts  ;  hence  the  sowing  is 
delayed  and  carried  on  only  after  they  quit  the  fields  and  before  the 
young  come  up  from  the  sea.  It  is  not  practicable  after  the  invasion 
of  the  young,  as  the  fields  stink  badly  from  their  presence. 

It  is  said  that  the  whole  field,  where  young  plants  have  just  sprouted, 
is  destroyed  in  a  single  night.  It  is  usual  to  ascertain  whether  the  adult 
crabs  have  departed  or  not  by  scattering  a  few  handfuls  of  seed  in  the 
flooded  fields.  Should  this  come  up,  sowing  is  continued  ;  if  it  does 
not,  fresh  experiments  are  made. 


Personal  Inquiry  and  Observation. 
The  adult  crabs  go  dovm  to  the  sea,  as  stated  above,  with  the  spring 
tides  in  July  and  August  for  oviposition,  and  the  young,  which  hatch 
out,  come  up  with  the  high  tides  in  Sej^tember  and  October  in  such 
great  masses  that  they  cover  the  banks  of  the  creeks  which  look  white 
whilst  they  remain  there,  for  a  day  or  two  if  the  water  is  low.  They 
are  carried  up  into  the  fields  over  very  extensive  areas  with  the  tidal 
water.     The  tidal  water  remains  on  the  fields  for  two  or  three  hours- 
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during  wldch  time  the  soil  becomes  soft  and  the  young  penetrate  into 
it  on  the  ebbing  of  the  tide. 

Water  is  not  necessary  for  the  existence  of  these  crabs,  siace  they 
remain  in  the  soil  till  they  migrate  to  the  sea  in  the  following  year, 
nor  do  they  travel  in  Burma  to  seek  fresh  or  salt  water  as  stated*  by 
Dr.  W.  T.  Caiman,  the  Carcinologist  of  the  British  Museum,  London. 
The  habits  of  the  species  are  more  terrestrial  than  aquatic  and  not 
more  aquatic  than  terrestrial  as  described  in  Mr.  Kemp's  Memoirs  of  the 
Indian  Museum  referred  to  by  Dr.  W.  T.  Caiman. 

Although  it  is  not  exactly  known  to  what  depth  they  go  down  into 
the  soil  after  the  harvest  of  the  paddy  crop  and  in  the  hot  season,  yet 
from  an  examination  of  the  infested  fields,  which  was  made  on  the  1st 
March  1918,  it  is  presumed  that  it  is  six  to  nine  inches  deep  after  the 
harvest  and  nine  to  twelve  inches  deep  in  the  hot  season.  On  the  1st 
March  1918  a  large  number  of  them  was  found  eight  or  nine  inches  deep. 
They  hve  in  the  bunds  as  well  as  in  the  open  fields.  While  digging 
for  the  specimens  of  Varuna  litterata,  Metaplax  denti-pes  was  also  found 
along  with  the  Varuna  in  larger  numbers.  In  a  space  of  about  16  square 
feet,  47  Varuna  and  150  Metaplax  were  dug  out.  Both  the  species 
remain  in  the  cracks  and  under  the  clods    where    the  soil  is  moist. 

The  cultivators  seem  to  be  ignorant  of  the  fact  that  the  Varuna 
and  the  Metaplax  live  together  in  the  field  and  that  the  number  of  the 
Metaplax  predominates  over  that  of  the  Varuna. 

It  has  yet  to  be  ascertained  which  of  the  two  species  is  really  more 
troublesome.  The  Metaplax  may  also  be  responsible  for  the  destruc- 
tion of  the  paddy  sprouts,  but  the  Varuna  is  most  probably  the  chiet 
cause  of  the  trouble.  The  cultivators  notice  the  annual  migrations 
of  the  adult  Vanma  to  the  sea  and  the  ingress  of  the  young  to  the  fields 
in  masses  and  they  hold  this  species  alone  responsible  for  causing  the 
delay  in  the  agricultural  operations  which  they  complain  of ;  they  are 
probably  right  in  this  belief,  as  the  sowing  is  possible  after  the  migra- 
tion of  the  Varuna,  notwithstanding  the  presence  in  the  field  of  the 
Metaplax,  which  do  not  go  to  the  sea  like  the  Varuna. 

In  the  crab-infested  localities,  no  nurseries  are  prepared  or  seedlings 
transplanted,  as  is  done  elsewhere  in  the  Province,  but  the  seeds  are 
steeped  in  water  for  four  or  five  days  and  when  they  germinate  and 
grow  to  a  length  of  J  to  |  inch,  they  are  sown  broadcast.  If  the  seeds 
are  sown  before  the  Varuna  quits  the  fields  and  the  sprouts  are  eaten 
up  by  it,  the  cultivators,  who  can  afford  to  do  so,  buy  seedlings  at  high 
rates  from  uninfested  localities  and  transplant  them  into  their  fields. 

*  He  stated  this  in  his  report  of  the  Director  of  the  Imperial  Bureau  tj  Eatomology 
British  Museum,  to  whom  I  had  referred. 
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But  it  is  not  always  possible  to  get  tliem,  as  the  cultivator  generally 
prepares  his  nurseries  according  to  the  requirements  of  his  own  field. 

Owing  to  late  sowing  on  account  of  the  presence  of  the  Varuna  in 
the  field,  the  vigour  of  the  plants  and  consequently  the  quality  and 
the  outturn  of  the  crop  are  said  to  be  afl'ected.  The  outturn  is  beheved 
to  suffer  to  the  extent  of  15  to  20  baskets  {i.e.,  Rs.  15  to  20  at  least) 
per  acre. 

In  the  Amherst,  Thaton,  Hanthawaddy  and  Myaungmya  districts, 
the  area  affected  by  this  species  is  along  the  sea  coast  and  the  riversides, 
the  approximate  length  of  which  is  96,  42,  32  and  20  miles  respectively. 


2.  Metaj)lax  denti'pes,  Heller. 

(Vernacular  name  Ganan-chi-she.) 

This  crab  is  called  the  long  legged  crab  {ganan-msimie  crab,  chi-hgs, 
s^e-long)  by  the  Burmans,  as  it  has  long  legs. 

It  is  said  to  climb  up  the  plants  and  eat  them  from  the  top  down- 
wards. According  to  the  village  headmen  of  the  Ziekre  village,  Thaton 
District,  it  destroys  an  area  of  10  acres  m  two  nights  if  there  is  no  water 
in  the  field.  If  there  is  water  in  the  field,  it  practically  causes  very 
little  damage.  It  is  said  to  be  very  destructive  on  accretions  and  virgin 
forest  lands  newly  brought  under  cultivation. 

The  Burmans,  Taungthas  and  Karens  boil  and  fry  Varuna  and 
Metaplax  and  eat  them  with  ngapi  (rotted  salted  fish). 


3.  Sesarona  edwardsi,  de  Man. 

(Vernacular  names  Thayaw  ganan  ;  also  Pha-in-ganan  in  Moulmein.) 

This  crab  is  called  Thayaw  ganan  because  it  is  found  on  or  near  the 
Exacaria,  which  is  known  as  Thayaw  bin  (bin-tvee),  in  the  vicinity  of 
which  it  makes  its  burrows.  Accordmg  to  the  report  from  the  Amherst 
District,  it  is  said  to  pinch  or  squeeze  the  tender  stalks  of  young  paddy 
plants  with  its  claws  and  to  eat  them  up.  In  the  Hanthawaddy  District, 
it  is  said  to  live  all  the  year  round  along  the  edges  of  the  tidal  creeks 
and  yos  (blind  watercourses).  It,  sometimes,  proves  very  destructive 
by  burrowing  into  the  bunds  and  letting  in  salt  water  into  the  fields. 

Some  cultivators  do  not  regard  this  crab  as  injurious  to  paddy 
plants. 

The  Burmans  do  not  eat  this  species  of  crab  as  it  is  beUeved  to  cause 
diarrhoea. 
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4.  Gelasimus  acutus,  Stimpson. 

(Vernacular  names  Phongyi  ganan  ;  shwe-ganan  ;  Ganan-ni.) 

This  crab  is  of  a  bright  reddish  orange  colour,  hence  it  is  called 
Phongyi  ganan,  (monk-crab)  from  the  reddish  orange  colour  of  the 
Buddhist  monk's  robe.  It  is  also  known  as  Shwe-ganan  (golden-coloured 
crab)  and  Ganan-ni  (red  crab). 

It  is  said  to  cause  no  damage  to  paddy  but  to  feed  on  mud.  It 
makes  nearly  perpendicular  burrows  m  the  soil  on  the  high  wet  banks 
of  rivers,  creeks  and  streams. 

At  the  Second  Entomological  Meeting,  which  was  held  in  February 
1917,  I  read  only  a  few  extracts,  describing  the  habits  of  the  Vanuia 
litterata,  fiom  the  Settlement  Reports  of  the  crab-infested  districts. 
No  discussion  was,  in  fact,  then  made  on  the  measures  of  control  and 
the  notes,  which  I  read,  bemg  meagre,  were  taken  back  from  the 
typist  and  are,  therefore,  not  included  in  the  Proceedings  of  the  Second 
Entomological  Meeting. 

Further  investigations  were  carried  out  in  1918  and  the  informa- 
tion, collected  at  that  time,  is  given  above  for  discussion  at  the  present 
Meeting. 

The  following  experiments  were  contemplated  but  were  rejected 
as  impracticable  over  extensive  areas. 

1.  For  the  preveoition  of  the  infestation  of  fields — • 

(a)  Prevention  of  the  ingress  of  the  flood  water  during  the  period 
of  the  year  when  the  young  are  known  to  come  up  with  the 
high  tides  from  the  sea,  e.g.,  by  bunds  constructed  with 
earth  and  fascines  along  the  face  of  the  area  subject  to  infesta- 
tion and 

(6)  cleaning  the  flood- water  by  drag-nets  and  dealing  with  the 
young  before  they  enter  into  the  fields  with  the  tidal  water. 

2.  For  the  control  of  the  young,  to  use — 
(a)  hot  water, 

(6)  tobacco  water, 

(c)  unslaked  lime, 

(d)  crude  earth-oil, 

(e)  mahaga. 

3.  For  the  treatment  of  the  soil,  to  use  a  few  days  before  sowing 
paddy^ — 

(a)  Mezali  leaves  {Cassia  siamia). 

(b)  Tama  leaves  {Melia  indica). 

(c)  Adhatoda  vasica. 
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It  was  found  that  these  trees  are  sparse  in  the  crab-infested  districts. 
Even  if  they  were  plentiful,  the  transportation-charges  would  be  prohi- 
bitive. 

The  experiments  of  draggmg  with  nets  in  the  fields  before  sowing 
and  importiag  seedlings  for  transplanting  into  the  fields  after  the  migra- 
tion of  the  Varuna  litterata  to  avoid  delay  in  sowing  were  suggested 
by  the  Agricultural  Chemist,  but  they  are,  says  the  Director  of  Agricul- 
ture, Burma  (m  his  letter  No.  2808-1E-2,  dated  the  15th  June  1918), 
not  hopeful  as,  even  if  demonstrated  to  be  effective,  the  increased  cost 
of  cultivation   would  probably  deter  cultivators   from   applying  them. 

A  few  experiments  with  tobacco,  yenan  (crude  earth-oil)  and  maliaga 
might,  if  possible,  be  tried  in  the  ensuiug  season  in  small  plots ;  but 
these,  even  if  they  prove  successful,  would  hardly  appeal  to  the  culti- 
vators, as  the  treatment  would  be  expensive  on  extensive  areas. 

As  the  agricultural  operations  are  delayed  till  the  migration  of  the 
Varuna  crabs  to  the  sea,  the  difficulty  might  be  overcome  if  any  late- 
growing  variety  of  paddy  could  be  introduced  into  the  localities  subject 
to  infestation. 

The  name  of  any  such  variety,  if  known,  and  a  scheme  of  cheap 
practicable  experiments  on  the  marine  crabs  and  field-snails,  if  any 
recommendable,  might  be  communicated. 

FieU-Smils. 

Ampidlaria  sp.   (?) 

(Vernacular  name  Le-kayu.) 

As  this  snail  is  found  in  the  fields,  it  is  called  Le-kayu  (Field-snail :  Le 
field,  kayii  snail)  by  the  cultivators.  According  to  the  Taking  culti- 
vators of  the  Amherst  District,  these  snails  eat  up  the  paddy  seeds  which 
are  sown.  The  cultivators,  therefore,  collect  and  throw  them  into  the 
creeks  before  they  start  somng.  However,  it  has  to  be  done  twice  or 
even  sometimes  thrice  in  badly  infested  fields.  Their  number  is  so  great  • 
that  half  to  one  basketful  of  snails  is  collected  from  a  plot  of  -5  acre. 
They  generally  infest  swampy  places.  In  the  absence  of  rain,  they 
remain  in  the  soil ;  when  the  monsoon  begins  and  the  fields  are  ploughed, 
they  come  out  of  the  soil. 

34.— NOTES  ON  THE  RED  WORMS  FOUND  IN  THE  NGACHIMA 
PADDY  AT  HMAWBI. 

By    K.  D.  Shroff,  B.A.,  Entomological  Assistant,  Burma. 
The  presence  of  these  worms  was  first  noticed  in  Lower  Burma  by 
the  Assistant  Botanist,  Southern  Cirile,  in  a  limited  area  and  only  in 
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the  variety  of  paddy  known  as  ngachima.  They  appeared  again  in 
1917.  In  1918,  their  attack  was  almost  insignificant.  The  plots,  in 
wliich  they  were  found  in  large  numbers,  were  not  manured  ;  but  they 
were  also  present  in  the  plots  which  had  been  treated  with  nitrogenous 
manures.  The  yield  of  the  attacked  plots  was  seriously  affected. 
Probably  the  same  kind  of  worms  was  also  found  in  the  soil  of  the  plots 
wherein  sickly  plants  were  seen. 

The  worms  are  foimd  under  the  sheaths,  in  the  tissues  of  the  sheaths 
and  among  the  roots  of  the  rooting  paddy  transplants  which  are  said 
to  emit  a  bad  smell. 

Personal  observations  in  September  1918  showed  in  many  plots 
plants  with  the  outer  leaves  rotting  and  apparently  looking  like  plants 
infested  with  red  worms,  but  thereVas  no  trace  of  the  worms  inside 
them.  Besides,  many  of  these  uninfested  rotting  plants  also  emitted 
a  bad  smell  like  the  infested  ones.  From  this  it  is  presumed  that  the 
decay  and  the  bad  smell  may.  not  be  due  to  the  presence  of  the  worms. 
The  plants  probably  suffer  from  some  disease  or  something  is  wrong 
with  the  soil.  The  ngachima  and  a  few  other  varieties  of  jDaddy  show 
signs  of  a  fungus  disease,  under  the  attack  of  which  the  outer  leaves 
are  first  affected ;  the  upper  parts  of  the  leaves  dry  up  and  the  lower 
ones  in  contact  with  water  decay.  Manured  as  well  as  unmanured 
plots  showed  the  presence  of  this  disease.  .  It  was  worse  in  plots  manured 
with  nitrate  of  soda. 

Specimens  of  the  diseased  leaves  from  various  plots  were  collected 
and  sent  to  the  Imperial  Mycologist,  Pusa,  for  identification.  He 
says, 

"  In  the  specimens  from  the  field  manured  with  potassium  sulphate, 
fungus  hyphje  can  be  traced  in  the  collar.  As  there  is  no 
fructification,  it  is  not  possible  to  say  whether  these  hyphae 
belong  to  Rhizoctonia  or  Sderotium  Onjzm.  Complete  plants 
should  be  sent  for  examination,  as  the  trouble  is  very  hkely  at 
the  roots  or  at  the  collar.  The  dried  leaves,  that  have  been 
sent,   do  not   show  the  presence  of  any  parasitic  organism." 

It  has  not  been  definitely  ascertained  whether  the  worms  attack 
the  green  tissues  of  the  plants  and  cause  decay  or  whether  they 
follow  the  decay  brought  about  by  some  other  cause  at  present  un- 
known. 

The  knowledge  of  the  food-habits  of  the  worms  and  the  identifica- 
tion of  the  fungus  disease  under  suspicion  will  probably  solve  the  pro- 
blem, which  puzzles  us  at  present. 
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35.— SOME  PROBLEMS  IN  FOREST  INSECT  CONTROL. 

By  C.  F.  C.  Beeson,  M.A.,  I.F.S.,  Forest  Zoologist,  Forest  Research 
Institute,  Deha  Dun. 

In  order  to  appreciate  the  position  of  forest  insect  control  in  relation 
to  the  study  of  forest  entomology  generally,  it  is  necessary  to  recognize- 
certain  fundamental  characteristics  in  the  constitution  of  the  forests  of 
British  India,  and  in  the  methods  hy  which  they  are  managed. 

The  first  striking  character  is  the  absence  of  epidemics  of  primary 
pests,  that  are  capable  of  killing  ofi  healthy,  hving,  trees  over  large  areas. 
The  forests  of  Central  Europe  have  for  the  last  century  suffered  consider- 
ably from  fatal  outbreaks  of  lepidopterous  defoliators  and  boring  beetles. 
The  forests  of  the  United  States  and  of  Canada  have  to  contend  against 
serious  epidemics  of  caterpillar  and  saw-fly  pests  and  the  depredations 
of  bark-beetles,  which  accompany  fires  and  lumbering  operations.* 

In  British  India,  on  the  contrary,  no  primary  pests  are  known  that 
are  capable  of  killing  healthy  trees  in  natural  forest  and  no  secondary 
pests  have  increased  to  epidemic  incidence  and  completely  destroyed 
appreciable  areas  of  pxire  forest,  or  even  all  the  inchviduals  of  one  tree- 
species  in  a  mixed  forest.  The  factors  contributing  to  the  absence  of 
epidemics  are  complex,  but  they  arise  from  the  existing  ecological  condi- 
tions of  the  forests,  and  from  the  methods  by  which  they  have  been 
worked  since  the  time  of  their  reservation. 

It  is  not  possible  to  define  the  peculiar  conditions  more  precisely 
in  this  paper,  but,  in  illustration  of  the  absence  of  any  tendency  to 
epidemic  development  of  pests  in  natural  forests,  the  following  cases 
may  be  cited. 

1.  The  sal,  Shorea  robusta,  is  the  foodplant  of  a  heartwood  borer, 
Hoflocerambyx  spinicornis,  which  normally  breeds  in  dead  or  diseased 
trees.  Recently  a  locahzed  endemic  outbreak  of  this  borer  has  occurred 
in  a  sal  forest  in  the  United  Provinces,  and  a  large  number  of  trees  has 
been  killed  annually  by  direct  preliminary  attack.  The  area  of  the 
infestation  is  small,  some  7  square  miles  ;  the  annual  death-rate  varies 
from  8,000  to  12,000  trees,  but  the  total  mortality  represents  only  a  small 
percentage  of  the  growing  stock.  The  forest  has  been  under  close 
observation  for  three  years  and  it  has  been  found  that  the  progress  of 
the  attack  is  extremely  variable  throughout  the  area.  In  a  given  unit 
area,  say  100  acres,  the  rate  of  increase  of  the  pest,  expressed  in  the 
number  of  trees  killed,  may  rise  from  three  to  ten  times,  and  then 
decrease  to  a  half  or  a  tenth  in  a  period  of  four  years ;  in  other  words, 

*  Tide  Beeson,  C.  F.  C,  "  Forest  Insect  conditions  in  India."  Agric.  Jourl.  India, 
Special  Indian  Science  Congress  Number,      1918,  pp.  114-124. 
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the  intensity  of  attack  is  constantly  shifting  its  foci,  with  a  general 
trend  from  the  highly  attacked  locahties  to  those  in  which  the  incidence 
is  lower.  The  effect  of  the  attack  of  the  insect  on  the  forest  approxi- 
mates to  a  heavy  thinning  but  never  to  a  clear  felling. 

One  might  be  tempted  to  consider  this  instance  as  a  case  of  serious 
damage  by  an  insect  pest,  but  the  forest  has  also  received  attention  from 
the  sylvicultural  aspect  and  has  been  diagnosed  as  much  over-stocked 
and  in  a  generally  unhealthy  condition.  Thinnings  are  being  made  in 
accordance  with  modern  sylvicultural  principles  and  a  far  greater  number 
of  trees  is  being  removed  by  these  operations  than  by  the  insect. 

2.  A  second  instance  may  be  taken  from  the  Sunderbans.  In  1909 
a  cyclone  blew  down  several  thousand  simdri  (Heritiera  Fames)  trees. 
The  normal  consequence  of  such  an  occurrence  in  the  forests  of  Central 
Europe  would  be  an  epidemic  outbreak  of  woodborers  and  bark-beetles. 
No  epidemic  occurred  in  the  Sunderbans  and  attack  by  shothole  borers 
and  bark-beetles  was  confined  entirely  to  trees  with  diseased  roots  along 
the  banks  of  water  channels  and  islands. 

3.  A  third  illustration  is  foimd  in  the  sal  forests  of  the  Duars,  where 
an  abnormal  mortality  of  sal  was  reported  five  or  six  years  ago.  On 
investigation  the  dead  trees  were  found  to  contain  a.  mixed  fauna  of 
heartwood  and  sapwood-beetles  and  shothole  borers.  Careful  enu- 
meration failed  to  show  a  preponderance  of  one  species  to  which  the 
blame  for  primary  attack  could  be  assigned,  while  the  presence  of  an 
appreciable  proportion  of  dead  trees  without  insect  attack  led  one  to- 
suspect  other  agents  as  the  primary  cause  of  death.  This  was  even- 
tually discovered  in  the  form  of  a  root  fungus,  which  was  itself  conse- 
quent on  unfavourable  conditions  of  soil-aeration. 

While  emphasizing  the  immunity  of  Indian  forests  from  epidemic 
outbreaks  of  insects  I  do  not  wish  to  imply  that  injury  from  secondary 
pests  is  equally  neghgible.  The  existence  of  insects  capable  of  causing 
technical  damage  to  timber  or  of  producing  loss  of  increment  and  delayed 
growth  is  an  indisputable  fact.  It  is  becoming  annually  more  evident 
that  these  insects  will  in  the  future  be  capable  of  causing  serious  loss, 
and  there  are  also  indications  that  several  species  now  of  secondary 
importance  will  modify  their  habits  and  take  on  the  role  of  primary 
pests. 

But  at  the  present  moment  the  need  for  the  wholesale  control  of 
insects  injuring  forest  trees  has  not  yet  arrived.  Injury  due  to  insects 
is  only  one  factor  causing  loss  of  forest  capital.  The  other  factors  are 
more  easily  and  more  profitably  controlled  than  the  insect  factor,  and 
require  to  be  ehminated  before  the  latter  can  be  considered  as  a. 
practical  measure. 
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This  fact  does  not  appear  to  have  been  recognized  in  the  early  years 
of  Forest  Entomology  in  this  country.  The  Departmental  literature 
of  that  period  is  characterized  by  the  output  of  a  large  number  of  incom- 
plete seasonal  histories  and  fragments  of  Hfe-cycles,  with  detailed  sugges- 
tions for  the  control  of  the  pest  thus  created.  The  suggestions  were 
based  mainly  on  the  weakhnk  theory,  and  faith  in  the  successful  apphca- 
tion  of  European  methods  to  the  conditions  of  Indian  forests. 

As  a  natural  result  we  find  that  the  control  measures  recommended 
have,  since  the  day  of  their  invention,  remained  recommendations. 
They  have  never  been  tested  practically,  nor  has  the  demand  for  control 
measures  been  heard  from  those  officers  whose  duty  it  is  to  establish  and 
protect  the  forest  crop 

This  aspect  of  the  relationship  of  insects  to  forest  growth  may  appear 
strange  when  viewed  from  the  standpoint  of  Agricultural  Entomology, 
but  it  must  be  remembered  that  the  rotation  of  the  forest  crop  is  one 
hundred  years  and  more,  whereas  the  rotation  of  the  agricultural  crop 
is  annual.  We  are  to-day  estabhshing  the  forest  crop,  and  in  a  few 
cases  only  have  we  reached  the  stage  of  cleaning  and  tending  operations, 
while  the  final  harvest  is  not  in  sight. 

The  present  pohcy  of  forest  insect  control  may  be  summarized 
in  a  few  words  : — 

(1)  Where  intensive  cultivation  of  forest  plants  is  carried  on    (e.g., 

in  nurseries,  in  the  estabhshment  of  plantations,  in  artificial 
regeneration,  etc.),  intensive  methods  of  control  are  necessary. 
Such  operations,  however,  are  not  forestry  but  agriculture, 
and  the  principles  of  agricultural  pest  control  are  directly 
applicable. 

(2)  Where  the  technical  damage  to  the  existing  standing  crop  is 

sufficiently  high  to  affect  the  sale  value  of  thinnings  and  final 
fellings,  special  problems  arise  and  special  investigations  are 
required. 

(3)  Where  modern  sylviculture  aims  at  tKe  removal  of  the  existing 

natural  forest,  and  the  substitution  of  an  artificial  type  of 
forest,  conditions  are  created  for  the  evolution  of  pests 
which  at  present  are  economically  negligible  or  do  not  exist. 
It  is  in  connection  with  the  management  of  such  forests 
that  the  majority  of  control  problems  arises,  and  the  main 
object  of  a  control  policy  is  to  shape  the  guiding  principles 
of  crop-production  and  crop-protection  in  a  double^  mould 
while  both  are  in  a  state  of  flux. 
The  following  examples  illustrate  the  types  of  problems  now  being 
investigated. 
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1.  The  Beehole  Boree  of  Teak. 

The  Beehole  borer,  Duomilus  ceramicus,  Wlk.  (Fam.  Cossidae)  is- 
the  most  serious  pest  we  know  of  teak  forests  in  Burma.  It  is  apparently 
absent  from  India.  The  caterpillar  is  a  heartwood  borer,  which  attacks 
teak  trees  of  all  ages  and  sizes  from  the  sapling  10  inches  in  girth  to  the 
veteran  overdue  at  the  saw  mill.  The  larval  gallery  or  so-called 
"  beehole,"  which  hes  more  or  less  vertically  in  the  heartwood,  attains^ 
a  length  of  nine  inches,  and  the  diameter  of  one's  thumb.  The  life- 
cycle  is  annual  and  the  beeholes  formed  in  one  year  are  overgrown  by 
the  next  season's  wood,  so  that  by  the  end  of  its  life  the  teak  log  may 
be  riddled  with  beeholes  from  the  core  to  the  skin.  Such  timber  is  of 
course    useless    for    constructional    purposes. 

A  rough  estimate  puts  the  loss  at  20  per  cent  of  the  gross  value  of 
teak  in  the  natural  forests  of  Burma. 

In  pure  teak  plantations  in  which  the  borer  increases  rapidly  the 
loss  is  likely  to  be  several  times  greater.  No  plantations  are  yet  old 
enough  for  the  final  felling,  but  there  is  every  indication  at  present  that 
all  trees  in  the  final  crop  will  be  seriously  beeholed. 

The  problem  of  the  beehole  borer  is  almost  unique.  Its  work  is 
unusually  inconspicuous  in  the  forest  and  the  location  of  infested  trees 
is  in  consequence  extremely  difficult, — even  to  an  entomologist.  Not 
only  are  absolute  numbers  very  small  (there  are  perhaps  not  more  than 
one  hundi-ed  individuals  per  acre  each  year),  but  for  more  than  ten 
months  of  the  year  they  are  hidden  inside  the  trunk  of  the  tree  and  no 
wood-dust  or  gum  or  discoloration  is  produced  to  mark  the  presence  of 
a  single  borer.  The  timber  merchant  is  unable  to  judge  if  the  trees  he 
purchases  are  badly  beeholed,  until  he  cuts  them  in  the  saw  mill. 

For  an  insect  of  such  obscure  habits  it  is  impossible  to  conceive 
control  measures  based  on  direct  trapping  or  destruction.  Even  if  a 
very  attractive  bait  or  lure  were  devised,  its  practical  utilization  would 
be  prolubited  by  the  prolonged  emergence  period  of  the  moth,  a  period 
which  extends  over  three  months  and  represents  a  daily  catch  of  two' 
moths  only.  And  what  sort  of  trap  can  one  devise  to  kill  two  Cossid 
moths  per  night  in  a  Burma  forest,  that  will  not  at  the  same  time  destroy 
thousands  of  other  insects  of  unlvnown  importance  '\ 

Accepting  the  premise  that  we  shall  not  abandon  the  policy  of  growing 
teak  pure  or  in  plantations,  we  have  now  to  devise  some  methods  of 
tending  the  crop  throughout  the  rotation  of,  say,  seventy  years.  An 
obvious  remedy  is  the  use  of  an  alternative  food-plant  as  a  trap-crop, 
but  at  present  none  is  known.  In  Java  the  pest  is  said  to  attack 
Spathodea  campamdata  and  Sesbania  grandiflora,  but  we  have  yet  to 
find  an  alternative  host  in  Burma.  \ 
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A  second  possibility  of  control  lies  in  the  conduct  of  thinnings : — 

(1)  In  order  to  kill  the  borers  present  in  infested  trees,  the  most 
favourable  time  to  fell  is  in  November  or  December.  The  felling  of 
trees  should  therefore  be  carried  out  shortly  after  marking. 

(2)  We  have  discovered  that  the  liabihty  to  attack  is  proportional 
to  the  girth  of  the  tree  and  is  independent  of  its  state  as  a  dominant, 
dominated  or  suppressed  tree. 

The  incidence  of  the  borer  can  be  reduced,  therefore,  by  felUng  all 
suppressed  trees  marked  in  a  sylvicultural  thinning  instead  of  leaving 
them  to  die. 

(3)  The  more  frequently  thinnings  take  place  and  the  greater  the 
proportion  of  large-girthed  trees  removed  the  more  marked  is  the  reduc- 
tion in  the  absolute  numbers  of  the  borer.  Beyond  a  certain  point, 
however,  these  two  factors  are  adverse  to  the  development  of  the  maxi- 
mum yield  in  the  crop.  We  have  now  to  determine  the  point  at  which 
the  advantages  in  one  clirection  balance  the  disadvantages  in  the  other 
direction. 

A  third  control  measure  lies  in  the  isolation  of  piire  stands  of  teak 
by  belts  or  blocks  of  other  species  in  order  to  delay  the  introduction  of 
the  borer  and  to  restrict  its  subsequent  development.  Here  again  we 
have  methods  which  favour  the  control  of  the  borer  opposed  to 
sylvicultiural  and  economic  principles. 

The  collection  of  statistical  data  is  at  present  directed  to  the  elucida- 
tion of  these  points. 

The  beehole  borer  is  an  example  of  a  pest  with  an  annual  Hfe-cycle 
and  one  known  food-plant ;  the  next  type  to  be  considered  is  that  of  a 
pest  with  several  generations  in  the  year  and  several  host-plants. 


2.  The  Shoot  and  Fruit  borer  of  Toon. 
The  shoot  and  fruit  borer  of  toon,  Hypsipyla  robusta,  IVIoore.  (Fam. 
Pyralidse),  has  an  annual  cycle  of  five  generations.  The  caterpillars 
of  the  first  generation  feed  on  the  flowers  of  the  tree  ;  those  of  the  second 
generation  on  the  fruits,  and  the  remaining  three  generations  bore 
inside  the  green  shoots  of  the  current  year's  growth.  Its  importance 
as  a  pest  lies  in  the  damage  done  by  the  broods  attacking  the  shoots. 
The  leading  and  lateral  branches  of  young  trees  and  saplings  are  killed 
off  to  so  complete  an  extent  that  the  season's  growth  is  entirely  nulli- 
fied, and  the  development  of  the  sapUng  is  checked  for  many  years. 
Eventually  one  or  two  leaders  in  the  bushy  broom-Uke  formation  escape 
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attack,  and  a  slight  growth  in  height  is  obtained,  but  the  resulting  tree 
is  so  much  forked  as  to  be  useless  for  timber. 

The  weak  link  in  the  seasonal  history  of  the  iasect  occurs  in  the 
first  two  broods.  In  the  absence  of  the  flowers  or  fruit  of  toon  or  of 
mahogany  and  other  Meliaceous  trees,  these  generations  are  very  serious- 
ly checked.  Shoots  are  not  produced  during  this  period  by  the  host- 
trees  except  in  insufficient  quantity  and  the  incidence  of  the  pest  suffers 
a  very  considerable  reduction,  which  may  amount  to  a  complete 
hiatus. 

We  have  therefore  a  simple  protective  remedy.  In  order  to  establish 
a  toon  or  mahogany  plantation,  it  is  sufficient  to  remove  all  flower- 
bearing  host  trees  in  the  neighbourhood.  If  it  is  necessary  for  sylvi- 
cultural  or  other  reasons  to  retain  these  trees,  another  measure  must 
be  adopted.  A  protective  barrage  must  be  established  roimd  the  site 
of  the  plantation  or  regeneration  area,  by  sack-banding  the  flowering 
trees  and  destroying  the  toon  moth  larvae  in  the  forest,  just  as  codling 
moth  larvse  are  destroyed  in  fruit  orchards. 

Later,  when  the  young  trees  have  grown  up  and  begin  to  flower 
the  pest  may  gain  a  foothold.  But,  during  this  period  the  methods  of 
crop  production,  which  aim  at  prolonging  the  height  growth  and  checking 
the  tendency  to  crowTi  expansion  and  flowering,  are  also  methods  of 
crop  protection.  They  may  be  assisted,  if  vitally  necessary,  by  sack- 
banding  during  the  first  two  generations.  Towards  the  end  of  the  life 
of  the  crop  when  it  is  opened  out  for  diameter  increment,  and  possible 
natural  regeneration,  sack-banding  will  be  necessary  annually.  That 
particular  problem  will  arise  in  some  fifty  or  sixty  years  time  and  may 
safely  be  left  to  the  Entomological  Service  of  the  period. 

The  case  of  the  toon  shoot  borer  with  its  successive  generations  of 
different  habits  is  analogous  to  that  of  many  important  lepidopterous 
defohators.  The  notorious  teak  defoliators,  Pyrausta  machceralis, 
Hyblcea  puera  and  their  associates,  do  not  pass  the  whole  of  their  seasonal 
history  on  teak.  The  times  of  leaf-flush  and  leaf-fall  vary  in  different 
parts  of  its  habitat,  and  in  those  locahties  where  teak  comes  into  leaf 
late  the  defoliators  develop  at  least  one  brood  on  other  food-plants. 
We  are  now  endeavouring  to  discover  the  foodplants  of  these  defoliators 
and  their  preferences  ;  but  investigations  so  far  have  shown  that  the 
defoliation  of  teak  is  produced  by  a  truly  bewildering  complex  of 
Noctuids,  Pyralids,  Arctiads,  Curculionids  and  Melolonthids ;  which 
seems  to  indicate  that  we  have  undertaken  to  investigate  the  habits 
of  a  large  portion  of  the  insect  population  of  the  forest. 

Leaving  the  Lepidoptera,  an  example  may  be  cited  of  the  problems 
presented  by  the  Coleoptera. 
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3.  Bark-beetles. 

I  have  already  mentioned  that  the  forests  of  India  have  not  suSered 
appreciably  from  the  epidemic  attacks  of  bark-beetles.  We  have  not 
been  faced  with  the  Dendrodonus  problem  of  the  coniferous  forests  in 
the  United  States  and  Canada,  or  with  the  bdrkenlxiferfrage  of  the  country 
that  used  to  be  Germany.     Nevertheless  it  is  inevitable. 

The  changes  in  the  management  of  the  coniferous  forests  of  the 
Himalayas,  which  are  accompanying  the  revision  of  working  plans, 
will  produce  fundamental  alterations  in  the  composition  and  aspect  of 
these  forests.  The  existing  irregular  uneven  aged  stock  is  being  con- 
verted into  uniform  forests  ;  that  is  to  say,  into  forests  of  one  or  very 
few  species  arranged  in  regular  blocks  in  which  all  the  trees  are  nearly 
of  the  same  age.  These  blocks  are  produced  on  areas  cleared  by  one 
felling  or  by  two  or  three  fellings  at  mtervals  of  a  few  years.  In  the 
first  case  the  area  is  planted  up  artificially  ;  in  the  second,  rehance  is 
placed  to  a  great  extent  on  the  natural  regeneration  by  seed-bearers 
left  on  the  area  for  that  purpose. 

Bark-beetles  breed  in  the  slash  and  felling  refuse ;  and,  since  most 
Himalayan  species  have  three  or  four  broods  a  year,  rapid  increase  is 


IfS  longifolia,  Steb.,  the  large  pine  bark-beetle,  is  a  species  which  is 
beginning  to  give  trouble  in  chir  pine  forests.  Normally  it  is  a  secondary 
species  breeding  in  dead  trees  ;  but,  on  felling  areas  of  rhe  uniform 
system,  a  succession  of  generations  develops  in  the  bark  of  the  felled 
trees,  and  in  the  refuse  on  the  coupe  area  after  the  logs  have  been 
extracted  ;  and  then  in  the  following  season,  findiag  no  more  dea4 
breeding-material,  it  is  forced  to  attack  living  trees  or  migrate.  By  a 
series  of  massed  attacks  the  bark-beetles  break  down  the  resistance  of 
the  young  growth  on  the  regenerated  area,  and  overwhelm  it.  To 
adopt  a  familiar  simile,  they  now  consolidate  their  ground.  The  broods 
emerging  from  the  killed  pine  saplmgs  adopt  the  same  tactics  with 
equal  success  against  the  young  growth  in  the  vicinity.  But  mass 
attacks  on  any  field  of  battle  are  costly  and  the  amount  of  territory 
gained  ia  each  successive  onslaught  decreases,  until  the  zone  of  action 
is  reduced  to  a  few  centres  of  resistance,  which  eventually  disappear. 
The  attack  is  spent,  and  the  trees  now  have  the  situation  well  in  hand. 

Before  this  stage  is  reached  the  Forest  Officer  intervenes  and  nulli- 
fies the  success  of  his  plant  allies  by  making  another  felling.  This  act 
supplies  the  bark-beetles  with  powerful  reinforcements.  The  mass 
attacks  are  repeated  and  each  year  with  each  annual  coupe  a  fresh 
batch  of  beetle  reinforcements  is  called  up  and  a  corresponding  number 
of  chir  trees  is  Idlled,    These  are  the  tactics  now  being  developed  by  the 
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large  pine  bark  beetle,  witb  the  evident  intention  of  becoming  a  jDrimary 
pest. 

The  counter-attacks  possible  against  this  mode  of  invasion  are 
simple.  (1)  The  removal  of  the  bark  of  trees  as  soon  as  they  are  felled, 
{2)  the  burning  of  the  slash  and  brushwood  on  the  area  at  the  close  of 
the  felling  opei-ations,  and  (3)  the  early  destruction  of  affected  trees. 
The  broader  strategy  is  more  complex,  but  is  primarily  based  on  the 
arrangement  of  felling  areas  into  series,  so  that  the  coupe  of  any  one 
year  is  not  in  the  neighbourhood  of  areas  under  regeneration  or  near 
the  coupe  of  the  year  before. 

In  this  case  the  size  and  location  of  the  felling  area  as  determined 
by  the  rules  for  protection  are  at  variance  with  those  required  by  the 
principles  of  extraction  and  utihzation.  The  problem  to  be  solved 
involves  not  only  the  entomologist  but  also  the  sylviculturist,  engineer 
and  utilization  officer. 

I  have  tried  to  indicate  that  we  have  roughly  three  classes  of  control 
problems: — (1)  the  control  of  pests,  of  intensive  cultivation,  in  which 
direction  Forest  Entomology  approaches  most  closely  to  Agricultural 
Entomology,  (2)  the  reduction  of  damage  by  insects  to  the  standing 
crop,  where  the  damage  is  greater  than  that  from  other  more  easily 
controllable  factors,  and  (3)  the  prevention  of  pests  which  are  likely  to 
arise  from  the  new  conditions  produced  by  new  methods  of  forest  manage- 
ment, and  particularly  the  creation  of  uniform  forests  and  pure  planta- 
tions. 

In  conclusion,  I  wish  to  indicate  a  few  of  the  difficulties  attendant 
on  the  investigation  of  problems  of  the  last  two  classes.  The  principal 
difficulty  hes  in  the  scale  on  which  an  inquiry  has  to  be  carried  out, 
both  in  area  and  in  time. 

The  sample  plots  that  we  are  using  in  observing  the  seasonal  history 
of  Hoplocerambyx  spinicornis  are  not  small  areas  ;  none  is  less  than  50 
acres.  These  areas  represent  check  plots  for  a  block  of  forest  of  several 
square  miles,  which  is  kept  under  continuous  detailed  observation  for 
at  least  5  years. 

In  South  India,  again,  we  are  establishing  plots  to  watch  the  effect 
of  annual  defoliation  of  teak  on  the  girth  increment.  The  trees  will 
-be  felled  at  the  end  of  a  ten-years  period  and  the  annual  increment  of 
defoliated  and  immune  trees  compared. 

In  Burma  we  have  observation  areas  on  the  ecology  of  the  beehole 
borer  in  several  forests  of  the  Pegu  Yomas  and  the  Upper  Irrawaddy 
valley,  that  were  started  four  years  ago.  We  have  also  discovered  a 
method  of  obtaininir  accurate  informaticn  on  the  past  history  of  the 
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pest  by  systematic  stem  analyses  aud  dating  of  beelioles.  It  is  thus- 
possible  to  compare  changes  in  the  incidence  of  the  pest  with  fire 
protection,  climatic  and  historical  records  for  at  least  as  far  back  as- 
the  period  of  British  occupation  extends. 

When  we  worked  out  the  seasonal  history  of  the  toon  shoot  borer 
over  120,000  insects  were  utilized  and  in  testing  the  control  measures- 
all  trees  on  an  area  of  nearly  three  square  miles  were  protected  by  sack- 
banding. 

I  have  chosen  the  same  pests  throughout  to  illustrate  my  points 
but  others,  if  cited,  would  show  equally  well  that  for  an  investigation 
to  be  of  practical  value  it  must  be  carried  out  over  a  large  area  and  for 
a  long  period. 

The  time  factor  in  experimental  Forest  Entomology  is  very  great 
but  not  so  great  as  in  experimental  forestry.  The  Forest  Entomologist 
has  at  least  the  consolation  of  seeing  the  results  of  his  own  work. 

We  are  much  obliged  to  Mr.  Beeson  for  coming  here  and  giving  us 
such  an  interesting  paper.     We  in  the  Agricultural  Department  have 
very  little  opportunity  of  seeing  anything  of  Forest  Insects  or  of  acquaint- 
ing ourselves  at  first  hand  with  the  problems  of  Forest  Entomology  and 
therefore  we  are  hardly  in  a  position  to  discuss  this  paper.     I  should, 
however,  imagine  that,  as  the  study  of  Forest  Entomology  progresses 
in  India,  we  shall  find  that  we  have  many  very  destructive  pests — 
possibly  even  some  primary  pests — whose  very  existence  is  at  present 
unknown  simply  because  they  have  never  been  noticed  or  reported. 
Certainly  that  is  the  case  with  many  agricultural  crop-pests.     We  are 
constantly   coming  across — and  that   often  quite   by  accident — cases 
where  a  large  amount  of  damage  has  been  done  to  crops  over  a  long 
period  without  the  facts  ever  having  been  brought  to  entomological 
notice,  and  in  many  of  such  cases  the  insects  concerned  are  themselves 
new  and  undescribed  forms.     The  damage  done  by  Agrotis  ypsilon  at 
Mokameh,  which  totalled  several  lakhs  of  rupees  annually,  had  been 
done  for  many  years  before  it  was  ever  brought  to  our  notice  and  then 
it  only  came  to  light  more  or  less  by  accident.     And,  if  this  is  so  in  the 
case  of  the  densely-populated  agricultural  tracts  of  India,  it  is,  I  think, 
safe  to  infer  that  it  is  still  more  the  case  in  many  of  the  areas   under 
forest.     The  main  requirement  at  present  of  Forest  Entomology — as 
indeed,  of  all  other  branches  of  Entomology — in  India  seems  to  be  a 
large  increase  of  staff  for  investigation  of  the  numerous  insects  whick 
are  at  present  levying  in  the  aggregate  an  enormous  toll  on  the  wealth, 
of  the  country. 
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36.— THE  PRESERVATION  OF  WOOD  AGAINST  TERMITES. 

By  T.  Bainbrigge  Fletcher  and  C.  C.  Ghosh. 
During  the  last  eight  years  we  have  made  numerous  tests  of  various 
proprietary  preservatives  advertised  for  use  in  India  as  protective  to 
wood  liable  to  attack  by  Termites.     The  following  tables  show  the 
results  :■ — 

Creosote. 


51 

Wood 

Treatment 

Date 
buried 

Date  found 

Period 
(months) 

HE5IABKS 

2 

Deodar  . 

Dipped  in  cold  creo- 
sote for  about   Hve 
minutes.           18th 

21st  Oct.  1911  . 

27th  Feb.  1914 

28 

3 

Jarrah   . 

Do. 

Do. 

(16th  Sept. 
1913,  miss- 
ing.) 

4 

Deodar  . 

Dipped      in  .  warm 
mixture  of  creosote 

Do. 

27th  Feb.  1914 

28 

5 

Jarrah  ? 

Immersed  in  boiling 
creosote  allowed  to 
cool  and  soak  for 
7  days. 

Do. 

81  + 

Ist  August 
1918,  not 
attacked. 

The  great  difference  in  effect  of  appUcation  of  an  incomplete  treatment  in  cold  creosote  (28  months) 
and  a  complete  treatment  in  hot  creosote  (more  than  81  months)  is  evident  from  the  above.  Wood  to 
be  properly  treated  with  creosote  should  be  immersed  in  a  tank  or  other  receptacle  heated  to  80°  to 
90°  C.  and  allowed  to  cool  down  gradually.  The  cost  of  treatment  is  relatively  high,  owing  to  the  large 
amount  of  creosote  absorbed,  but  it  is  better  to  have  a  large  degree  of  absorption  if  more  than  relatively 
temporary  protection  is  desired.  For  outdoor  purposes,  where  long  endurance  is  required  imder  under- 
ground conditions,  thorough  impregnation  with  creosote  is  likely  to  yield  good  results. 

Carbolineum. 


33     Jarrah   .      Painted      with      as 
I  much  cold  Carboli- 

neum as  could  be 
soaked  up  by  dry 


21st  Oct  lOlir 


Mango 

Teak 

Deal 


"Dipped  half-way 
into  cold  Carboli- 
neum and  allowed 
to  soak  maxin 


11th  April  1916 
1st  Aug.  1918  . 
16th  Sept.  191.3 
11th  Oct.  1912 


1916. 
wood 


Attacked 
through 
untreated 
■     ends. 
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Poivell  Process. 
The  first  lot  of  twenty  pieces  of  powellized  wood  were  all  attacked 
within  eight  months  and  were  stated  by  the  Company  not  to  have 
been  treated  properly.  A  second  lot,  sent  in  for  trial  as  properly  treated, 
was  placed  underground  on  17th  October  1911,  and  consisted  of  twenty 
pieces  of  wood,  weighing  24-25  lb.  on  receipt.  On  22nd  July  1913, 
after  21  months,  three  pieces  were  found  to  have  been  eaten  into.  By 
27th  February  1914,  four  other  pieces  were  found  to  have  been  attacked, 
after  an  interval  of  29  months.  By  3rd  May  1915,  seven  more 
pieces  were  found  attacked,  43  months  after  having  been  biuried.  On 
1st  August  1916,  another  piece  was  attacked,  after  59  months.  On 
1st  August  1918,  another  was  foimd  eaten  into  at  one  end,  after  82 
months,  and  only  two  pieces  remained  of  the  original  twenty,  the  others 
having  been  lost  or  eaten  without  leaving  any  trace. 


Lead  Arsenate. 


Months. 

I.        ... 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.    Lead    Nitrate    boiled    in 
water,   wood   immersed   and 
allowed  to  cool,  29th  Novem- 
ber 1910. 

Not  attacked  on 
22nd  July  1913. 

Attacked    on    27th 
February  1914. 

39 

e.j 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool  ;  90 
gr.    Lead   Nitrate   boiled   in 
water,   wood   immersed   and 
allowed  to  cool,  27th  August 
J912. 

(5)  lAttackel  25th 

(6)  j      May  1915. 

7.  Deal 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.    Lead   Nitrate   boiled   in 
water,   wood  immersed   and 
allowed  to  cool,  27th  August 
1912  [cut  in  two  pieces]. 

Attacked  through  cut 
ends,     22nd     July 
1913. 

S  Mango      .         . 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water.wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.    Lead   Nitrate   boiled   in 
water,   wood  immersed   and 
allowed  to  cool,  27th  August 
1912. 

9.       „            .         . 

Ditto                ditto       . 

Attacked  25th  Ma  • 
1905. 

33 
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Lead  Arsevafe — coiitd. 


12. 
13. 


15. 
16. 


18.  „ 

19.  „ 


50  gr.  Sodium  Arsenite  solution  j  Attacked   25th  May 


boiled  in  water,  wood 
ed  and  left  2  hrs.  to  cool ;  90 
gr  Lead  Niti-ate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912  [cut  in  two  pieces]. 
50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 


1912. 


Ditto 


ditto 


50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912  [cut  in  two]. 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912. 

Ditto  ditto 


50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912  [cut  in  two]. 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912. 

Ditto  ditto 

50  gr.  Sodium  Arsenite  solution 
boiled  in  water,  wood  immers- 
ed and  left  2  hrs.  to  cool ;  90 
gr.  Lead  Nitrate  boiled  in 
water,  wood  immersed  and 
allowed  to  cool,  27th  August 
1912  [cut  in  two]. 


Attacked  27th  Feb- 
ruary 1914. 


Attacked  27th  Feb- 
ruary 1914. 
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21st  Oct.  1911 


Deodar  . 
Mango    , 
Teak 
Deal 


Immersed  in  cold 
Mortant  and 

allowed  to  soak  as 
much  as  possible, 
15th  Oct.  1911. 


20th  Feb.  1913 


Sideroleum. 


No. 

Wood 

Treatment 

Date 
buried 

Date 
attacked 

Period 
(months) 

Eemakks, 

Deodar  . 

Well    painted     and 
dried  in  shade. 

7th  Jan.  1914    . 

31st  Aug.  1916 

32 

Do. 

Do. 

18th  Mar.  1915 

14 

Do. 

Do. 

(55  +  ) 

Not    eaten  1st 

leum,    heated    and 
aUowed  to  cool  in 
it,  dried  in  shade. 

Do. 

18th  Mar.  1915 

14 

Mango   . 

Do. 

Do. 

Do. 

Do. 

31st  Aug.  1916 

32 

nths  and  five  within  32  months.    The  sixth  piece 


Microlineum. 


No. 

Wood 

Treatment 

Date 
buried 

Date  found 
attacked 

Period  in 
months 

Remarks 

» 

Deodar  . 

Given  two  coatings 
Dark  Oak.    (10th- 
11th    Feb.)       and 
dried  in  shade. 

13th  Feb.  1915 

11th  April  1916 

14 

Sissu      . 

Do. 

Do. 

22nd  June  1917 

Deodar  . 

Art  Brown   (10th- 
11th      Feb.)     and 
dried  in  shade. 

Do. 

11th  AprU  1916 

14 

4 

Sissu      . 

Do. 

Do. 

(42+) 

Not  eaten  31st 
July  1918. 

Deodar  . 

Moss  Green  (10th- 

Do. 

11th      Feb.)      and 

6 

Sissu      . 

Do. 

Do. 

22nd  June  1017 

28 
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Soligmmi. 


••Si 

Wood 

Treatment 

Date 
buried 

Date  found 
eaten 

Period 
(months) 

Remarks 

23 

Jarrah   . 

Painted  with  Solig- 
num  heated  to  75° 
C. 

First   coating     17th 

21st  Oct.  1911  . 

11th  April  1916 

54 

Do. 

Second  coating  18th 

Oct  1911. 

2fi 

Teak      . 

Do. 

Do. 

11th  AprU  1916 

27 

Deal.      . 

Do. 

Do. 

12 

28 

] 

Half     only     dipped 
into  hot  Solignum, 
17th  Oct.  1911. 

Do. 

Do. 

12 

1  Deal  and 

Dipped  again,  18th 
Oct.  1911. 

through 
).    untreated 

Do. 

12 

half. 

3(1 

1 

Do. 

Do. 

Do. 

31 

Do. 

Do. 

32 

Deodar  . 

Immeised     in     hot 
Solignum    on    two 
days.     Weight  dry 
165    gms.    Weight 
after  second  immer- 
sion 187  gms. 

Do. 

Zinc  Chloride. 


Wood 

Treatment 

Date 
buried 

Date  found 
eaten 

Period 
:(months) 

Remarks^ 

« 

Jarrah    . 

Pliced  in  cold  solu- 
tion   and    brought 
to     boU     for     10 
minutes,    removed 
and  cooled  in  air. 

21st  Oct.  1911  . 

11th  April  1916 

54 

Surface  slight- 
ly nibbled. 

Deodar  . 

Do. 

Do. 

Mango   . 

Do. 

Do. 

12 

Jarrah   . 

Placed     in     boiling 

Do. 

(8H-) 

1918.         Not 

solution,  boUed  10 

mmutes,  aUowed  to 
cool  in  solution  for 
22  hours,    covered 
with  Zinc  Chloride 
crystals,  25th  July 
1911. 

eaten. 

13 

Deodar  . 

Do. 

20th  Feby.  1913 

16 

16th  Sept.  1913 
20th  Feb.  1913 

23 

15 

Deal       . 

Do. 

Do. 

16 

16 

Jarrah    . 

Placed  in  cold  solu- 
tion, rated  to  boil- 
ing, ancTleft  to  cool 
for    4   days,    25th 

Do. 

1 

missing. 

18 

Mango   : 

Placed  in  cold  solu- 
tion, raised  to  boil- 
ing, boiled  J  hour, 
then     dippid      in 

Do. 

(8H-) 

1st  August 
1918  ;        not 

Deal       . 

DO. 

Do, 

27th  Feb.  1914 

710 
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Timborite. 

Two  pieces  of  Bombax  wood  were  given  seven  coatings  in  shade  on 
tliree  days  (6tli-8th  April)  and  buried  on  10th  April  1916,  and  were 
found  untouched  up  to  1st  August  1918,  a  period  of  28  months. 

Two  pieces  of  deal  were  given  two  coatings  (on  6th  and  8th  April) 
and  buried  on  10th  April  1916,  and  of  these  one  was  found  eaten  out 
on  28th  February  1917,  after  an  interval  of  11  months.  The  other  piece 
was  wholly  eaten  by  1st  August  1918,  a  period  of  28  months. 

Two  more  pieces  of  Bombax  wood,  two  of  deodar,  two  of  mango 
and  two  of  sissu  were  given  four  coatings  in  March  1917  and  buried 
on  20th  March  1917.  By  1st  August  1918,  one  of  the  pieces  of  sissu 
had  failed,  after  16  months.     The  rest  were  reburied. 


Lead  Chromate. 
Two  pieces  of  wood  treated  with  Lead  Chromate  were  buried  on  29th 
November  1910,  and  were  found  shghtly  attacked  by  Mth  June  1911, 
within  a  period  of  seven  months. 

Siderosthen. 


No. 

Wood 

Treatment] 

Date 
biu'ied 

Date  found 
attacked 

Period 
(months) 

Eemabks 

Deodar  . 

Painted   with   Ordi- 
nary Black. 

15th  Jan.  1913 

Removed  6tli 
Jan. 1914. 

Mango   . 

Do. 

Do. 

6th  Jan.  1914    . 

12 

Deodar  . 

Paint«d  with   Ordi- 
nary Chocolate. 

Do. 

•• 

Removed  6th 
Jan. 1914. 

Mango   . 

Do. 

Do. 

ethJan.  19U    . 

12 

Deodar  . 
Mango   . 

Painted  with  White 
Siderosthen. 

Do. 

Do. 
Do. 

15th  May  1913 
22nd  July  1913 

er 

Treated  pieces 
eaten  more 
than  untreat- 
ed checks. 

Deodar  . 

Pamted   with   Side- 
rosthen Stone. 

Do. 

15th  May  1913 

*J 

Mango   . 

Do. 

Do. 

Do. 

4 

I eodar  . 

Painted   with   Side- 
rosthen ped. 

Do. 

Do. 

4 

10 

M.ngo   . 

Do. 

Do. 

6th  Jan.  1914   . 

12 

IX 

Deodar 

Painted   with    Side- 
rosthen Green. 

Do. 

22nd  July  1913 

6 

Do. 

12 

Mango   . 

Do. 

Do. 

15th  May  1913 

4 

Orr's  Wood  Preservative. 
Three  pieces  of  deal,  three  of  mango,  three  of  teak  and  tliree  of  deodar 
were  painted  with  four  coatings  of  Orr's  Wood  Preservative,  which  is  a 
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thin  liquid  smelling  of  creosote.  They  were  buried  on  31st  August 
1916  and  were  untouched  up  to  31st  July  1918,  a  period  of  23  months. 
They  were  reburied  for  further  test,  and  this  trial  is  therefore  incom- 
plete. 

Placing  these  various  processes  in  order  as  regards  efficacy,  so  far 
as  our  experiments  show  this,  we  obtain  the  following  results  : — 

Months 

Creosote  (hot),  more  than 81 

Creosote  (cold),  less  than 28 

Carbolineum,  less  than         •••■•...  23 

Powell  Process,  less  than 21 

Lead  Arsenate,  less  than 10 

Mortant,  less  than 15 

Sideroleum,  less  than  ........  14 

Microlineum,  less  than  ........  14 

Solignum,  less  than 12 

Zinc  Chloride,  less  than 12 

Timborite,  less  than H 

Lead  Chromate,  less  than     ........  7 

Siderosthen,  less  than 4 

There  is  also  Orr's  Wood  Preservative  which  had  lasted  23  months 
on  last  examination  (trial  incomplete).  As  this  is  apparently  a  form 
of  creosote,  it  may  be  expected  to  do  well. 

We  do  not  think  it  necessary  to  state  more  than  the  bare  facts,  as 
our  conclusions  are  practically  identical  with  those  obtained  at  Dehra 
Dun  by  R.  S.  Pearson  and  lately  published  in  "  A  Further  Note  on  the- 
Antiseptic  Treatment  of  Timber "  (Indian  Forest  Records,  Vol.  VI, 
pt.  IV  (1918)).  It  will  be  noticed,  however,  that  treated  wood  at  Pusa 
has  a  considerably  shorter  hfe  than  at  Dehra  Dun  and  this  is  probably 
due  to  a  difference  in  the  termite  attacking  it,  the  Pusa  species  being 
Microtennes  obesi  and  that  at  Dehra  Dun  (as  ascertained  by  one  of  us 
when  at  Dehra  Dun  in  August  1918)  a  species  of  Odonfotermes,  probably 
0.  obesus. 

Another  point  which  is  brought  out  in  the  Tables,  is  the  fact  that 
treatment  is  of  little  use  if  the  whole  surface  subject  to  attack  is  not 
treated.  If  the  wood  is  cut  after  treatment,  so  as  to  expose  an  un- 
treated interior  face,  this  latter  is  especially  liable  to  attack,  which  may 
then  invade  the  interior  of  the  wood.  For  examples  of  this  see  the 
Table  of  experiments  with  Lead  Arsenate,  in  which  treatment  was 
effective  in  the  case  of  whole  pieces  for  33  months  whilst  exactly  similar 
(but  cut)  pieces  failed  within  11  months.  We  have  excluded  such, 
failures  from  the  above  table  of  durability. 
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Does  not  tte  variety  of  wood  make  a  difference  ? 

Certainly  it  does,  and  therefore  we  have  tried  several  different  kinds. 

Do  you  think  there  is  some  difference  when  the  wood  is  buried 
entirely  underground  and  when  part  of  it  is  underground  and  another 
part  of  it  outside  ? 

Certainly  ;  the  part  underground  is  attacked  first. 

Did  you  try  hot  creosote  under  pressure  ? 

No  ;  we  have  no  pressure  plant.  Certainly,  the  more  you  can  get 
into  the  wood,  the  better.  Creosote  seems  to  be  the  best  preservative 
but  cannot  well  be  used  for  indoor  purposes  ;  for  outdoor  use  it  is  good 
and  well  worth  using  where  durability  is  desired. 

I  have  heard,  although  I  have  not  tried  it  myself,  that  corrosive 
sublimate,  mixed  with  mortar  and  spread  in  a  layer  when  the  founda- 
tions of  a  house  are  at  a  certain  height,  is  useful  in  keeping  off  white- 
ants.     Have  you  tried  it  ? 

No. 

In  some  places  they  use  arsenic  mixed  with  mortar  and  lay  a  layer 
of  it  in  the  basement. 

Have  you  tried  the  Wliite-ant  machine  in  exterminating  them  from 
a  buikhng  ?  I  once  had  great  trouble  from  termites  in  a  godown.  They 
came  out  in  numbers  from  the  floor  and  attacked  the  boxes.  I  removed 
the  bricks  from  the  floor  and,  by  means  of  a  wire,  cleared  the  hole  thi-ough 
which  the  white  ants  were  coming  up.  I  then  put  the  nozzle  of  the 
machine  into  the  hole  and  fumigated.     It  was  very  successful. 

I  have  used  the  macliine  successfully  in  a  bungalow,  but  it  is  generally 
necessary  to  break  a  hole  into  the  galleries  with  a  crow-bar.  When 
termites  come  up  through  the  floors  of  the  bungalows  at  Pusa,  I  generally 
paint  the  place  with  crude  creosote  and  that  keeps  them  down  for  a 
long  time  afterwards. 


37.— STOKED  GRAIN  PESTS. 

By  T.  Bainbrigge  Fletcher,  R.N.,  F.L.S.,  F.E.S.,  F.Z.S.,  Iniferial 
Enioniologist,  and  C.  C.  Ghosh,  B.A.,  Assistant  to  the  Imperial 
Entomologist. 

Introductory. 

The  granary  pests. 

Immunity  or  otherwise  of  grains,  etc.,  stored  in  houses. 

Storage  receptacles  in  use  among  the  people. 

Experiments  to  find  out  the  best  means  of  storing  grains — 

Experiments  with  wheat  (I— XVII). 

Experiments  with  rice  (husked)  (XVIII— XIX). 

Experiments  with  pulses. 
Conclusion. 
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Introductory. 

Storing  grains  in  houses  and  keeping  them  from  being  damaged  by- 
insects  while  in  the  store  is  a  problem  which  confronts  every  house- 
holder, whether  he  be  a  cultivator  or  not.  Different  countries  have 
tried  to  solve  this  problem  in  different  ways  but  there  is  a  general  agree- 
ment as  to  the  results  and  consequent  recommendations  regarding  the 
methods  to  be  adopted.  This  is,  that  the  grains  should  first  of  aU  be 
fumigated  with  a  poisonous  chemical  fumigant  such  as  carbon  bisulphide, 
and  then  stored  in  insect-proof  receptacles.  This  method  is  of  course 
the  best  if  it  can  be  adopted.  But  this  is  impracticable  so  far  as  the 
Indian  cultivators  and  householders  are  concerned.  Fumigation  with 
carbon  bisulphide  cannot  be  recommended  to  them  nor  can  they  practise 
it  for  want  of  facilities.  Also  the  effect  of  fumigation  will  be  nuUified 
by  the  receptacles  in  use  among  the  people  for  storage. 

Of  the  recent  efforts  in  this  country  (though  none  of  them  made 
from  the  view-point  of  the  Indian  cultivators  and  householders)  to  deal 
with  the  pests  of  stored  grain,  or  rather  stored  wheat,  the  most  notable 
are  the  experiments  on  the  effects  of  dryness*  on  weevils  and  their 
practical  applicarion  for  storage  purposes,  especially  storage  in  bulk. 
The  latest  efforts  are  those  of  Messrs.  Barnes  and  Grove  {Ind.  Agric. 
Dept.,  Chemical  Memoir,  Vol.  IV,  No.  6.  "  The  insects  attacking  stored 
wheat  in  the  Punjab  and  the  methods  of  combating  them,"  etc.),  who 
also  tried  the  eSeots  of  inert  gases  hke  carbon  dioxide.  There  was  no 
practical  outcome  of  all  these  experiments.  Messrs.  Barnes  and  Grove 
took  the  damage  by  store-pests  as  an  inevitable  evil  and  suggested  a 
mechanical  method  of  cleaning  the  grains  with  a  view  to  separating 
the  insects  (and  dirt)  by  means  of  an  air-blast.  With  regard  to  this 
recommendation  it  may  be  said  that  it  may  not  be  so  successful  as 
expected.  It  will  certainly  never  be  possible  to  separate  all  the  insects 
presenf  in  the  grain,  for  instance  the  grubs  of  Trogodenna  khapra,  which 
stick  to  the  grains  fairly  tightly.  Then,  although  the  much-eaten  and 
Ught  grains  may  be  blown  off,  the  freshly  infected  grains  will  certainly 
remain  behind.     Even  the  second  cleaning  will  not  be  able  to  free  the 

*  Those  anxious  to  know  the  cjetails  about  this  can  refer  to  the  following  publica- 
tions :— 

"  The  Bionomics  of  grain  weevils,"  Jl.  of  Ec.  Biology,  Vol.  I,  1905-06. 

"  Indian  Trade  Journal "  1907  (Several  issues  from  Jan.  to  Augt.) ;    1909,  November 

18  ;  and  1911,  November  23. 
"  Indian  wheat  and  grain  Elevators  "  by  F.  Noel-Paton. 
"  Agrl.  Jl.  of  India"  Vol.  Vl,  pp.  333-343,  Weevil  and  dry  wheat  by  T.  Bainbrigge 

Fletcher. 
Chemical  Memoir,  Pusa,  Vol.  IV,  No.  6,  The  insects  attacking  stored  wheat  in  the 

Punjab,  etc.,  by  J.  H.  Barnes  and  A.  J.  Grove  (pages  261  et  seq). 
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grains  from  insects.  Besides,  if  it  be  possible  to  erect  a  plant  at  a  high 
cost,  the  sure  treatment  with  carbon  bisulphide  is  certainly  preferable, 
there  being  skilled  supervision  to  guard  against  accidents.  In  the  case 
of  the  Indian  cultivators  and  householders  who  deal  with  small  lots, 
for  separating  insects  and  dirt  from  the  grain  the'  country  sieves'  and 
hand-winnows  are  effective  and  cheap  appliances. 

It  will  be  apparent  that  there  was  room  for  experiment  aimed  at 
finding  means  of  prevention  of  damage.  Such  experiments  were  under- 
taken more  from  the  view-point  of  the  Indian  householders  and  culti- 
vators than  of  dealers  in  bulk.  As  a  result,  a  method  has  been  worked 
out  which  is  inexpensive  and  can  be  easily  adopted  by  the  former  and 
adapted  to  the  receptacles  they  use  for  storage.  The  method  is  also 
apphcable  to  storage  in  bulk. 


The  granary  pests. 

The  insect  pests  of  stored  grains,  etc.,  are  mentioned  below  under 
the  articles  in  which  they  occur. 

I.  Cereals — 

COLEOPTERA  (BeETLES). 

Calandra  oryzce  (major). 
Rhizopertha  dominica  (major). 
Trogoderma  khapra  (major). 

[Attagemis  undidahis. 

Mthriostoma  undulata. 

Trogoderma  versicolor^ 
Calandra  granaria  (minor). 
Tribolium  castaneum  (minor). 
Latheticus  oryzw  (minor). 
Lcemofhlceus  pusillus  (minor). 
Tenebroides  mauritanicus  (minor). 
Gibbiiim  scotias  (minor). 
Attagemis  piceus  (minor). 
Lepidoptera  (Moths).  , 

Sitotroga  cerealella  (major). 
K.B. — In  ground  wheat,  rice,  etc.,  Tribolium  cmtaneum  is  the  most  injurious  major  pest. 

II.  Pulses— 

The   Pulse   Beetles — BnicJnis  chinensis   and    other    species   of 

Bruchus. 
Trogoderma  khapra  (major). 


PLATE  100. 


\ 
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CALANDRA  ORYZi£. 


EXPLANATION  OF  PLATE  100. 
Calandra  oryzce. 

Fig.  1.  Eggs  laid  on  and  in  a  wheat  grain  x8. 

Fig.  2.  Larva  feeding  inside  a  grain  X  8. 

Fig.  3.  Larva  removed  from  grain  X  16. 

Fig.  4.  Pupa  in  natural  position  inside  grain  x 

Fig.   5.  Pupa  removed  from  grain,  ventral  view 

Fig.  6.  Adult  weevil  from  above  X  16. 

Fig.  7.         „        „        „     side  x  16. 

Fig.  8.  Weevil  gnawing  into  a  wheat  grain  x  8. 

Fig.  9.  Weevil  inside  a  wheat  grain  x  8. 
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III.  Spices — 

Lasioderma  serr iconic  (major). 
Aoiobium  sp.  (major). 

IV.  General. — The  following  occur  in  practically  all  substances. 
They  are  of  very  minor  importance,  as  they  cause  very  little  actual 
damage  and  can  be  kept  off  with  a  little  care  and  cleanliness. 

•    Alphitcbitis  piceus. 
Ephestia  caulella. 
Pyralis  pictalis. 
Pyralis  farinalis. 
Most  of  those  mentioned  under  cereals  have  been  dealt  with  in  detail 
by  Messrs.  Barnes  and  Grove  {Chemical  Memoirs,  Vol.  IV,  No.  6).     Below 
short  notes,  some  embodying  new  facts,  are  given  on  these  insects  as 
well  as  on  those  not  mentioned  by  Messrs.  Barnes  and  Grove. 

Calandra  oryzce  (PI.   100). 

This  is  the  commonest  of  the  pests  in  the  store  and  causes  serious 
damage  to  stored  cereals.  In  some  countries  it  is  known  to  infest  the 
grains  in  the  field.  R.  I.  Smith  observed  it  laying  eggs  in  fields  on 
ripening  corn  [maize]  on  12th  September  from  which  weevils  emerged 
in  October  {North  Carolina  Agricultural  Experiment  Station  Bull.  203). 
A.  L.  Quaintance  says  "  it  is  to  be  found  in  the  field  early  in  August. 
But  it  is  when  the  corn  has  b^en  gathered  and  housed  however  that 
the  rice  weevil  does  the  greatest  damage  "  {Florida  Agl.  Expt.  Stn. 
Bull.  No.  36,  p.  367).  In  this  country  also  it  probably  infests  the  ripe 
grains  in  the  fields  as  it  is  found  in  the  fields  at  the  ripening  time.  But 
the  real  damage  is  done  in  the  store. 

The  life-history  has  been  dealt  with  in  various  Indian  publications. 
The  following  obscure  points  have  been  recently  determined.  At  Pusa 
the  weevils  become  really  active  in  August  and  from  this  time  until 
about  October  there  are  three  generations  in  quick  succession,  each 
occupying  a  period  of  about  a  month.  From  about  November  to  July 
the  development  is  extremely  slow,  single  generations  taking  about 
\\  to  6  months.  During  this  period,  therefore,  there  are  usually  two 
broods,  but  there  may  be  a  third  brood  for  the  more  forward  ones. 
During  the  cold  part  of  this  period,  viz.,  from  about  November  to  about 
February,  the  beetles  are  more  active  than  in  the  hot  months.  Eggs 
laid  in  February-March  did  not  develop  into  adults  before  July- August. 
In  the  case  of  the  more  forward  ones  the  extra  brood  occurs  between 
December   and   March-April.     The  broods  however   are  highly   over- 
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lapping  and  the  insect  has  been  observed  to  emerge  as  an  adult  in  all 
the  months  from  July  to  April. 

This  seasonal  life-history  coincides  with  the  amount  of  damage 
done  by  the  insect  during  different  periods  of  the  year.  The  greatest 
damage  occurs  between  August  and  November  or  December.  The 
damage  continues  though  in  a  slightly  smaller  degree  until  about  Feb- 
ruary, and  it  is  the  least  in  the  hot  weather.  Although  by  about  Decem- 
ber actual  breeding  decreases  it  should  be  remembered  that  the  adults 
also  damage  the  grains  by  boring  into  them  for  the  purpose  of  feeding. 
The  enormous  number  of  weevils  present  in  the  store  about  this  time 
more  than  compensates  for  the  slower  rate  of  breeding. 

The  number  of  eggs  which  the  weevil  is  capable  of  laying  has  not 
been  determined  very  accurately.  Hinds  and  Turner  had  a  maximum 
number  of  417  in  Alabama,  Barnes  and  Grove  had  60  in  the  Punjab  in 
October  and  we  had  88  at  Pusa  in  February-March.  The  seasons  are 
observed  to  have  a  great  effect  on  the  rate  of  development  of  the  insect 
and  most  probably  have  some  effect  on  the  number  of  eggs  which  will 
be  found  to  be  more  in  August-September. 

The  adult  weevils  ordinarily  live  for  about  five  months  and  in  the- 
course  of  their  whole  hfe  they  are  capable  of  causing  a  loss  of  about 
50  per  cent,  in  the  weight  of  wheat  grains  simply  by  feeding. 

The  loss  in  the  weight  of  wheat  grains  caused  by  the  grub,  which 
feeds  and  develops  inside  until  it  emerges  out  of  the  grains  as  an  adult, 
is  about  30  per  cent. 

There  is  a  good  deal  of  difference  of  opinion  as  regards  the  amount 
of  loss  caused  by  the  rice  weevil.  In  this  respect  it  is  not  possible  to 
make  a  general  statement.  As  will  appear  from  the  records  of  experi- 
ments given  elsewhere  in  this  paper  the  damage  is  very  serious  in  small 
lots  of  grain  and  its  percentage  decreases  with  the  increase  in  the  bulk 
of  the  grains  concerned.  Thus  for  a  given  period,  say  one  year,  the 
loss  in  a  lot  of  one  maund  of  wheat  may  be  more  than  75  per  cent., 
while  in  a  lot  of  500  maunds  it  may  be  as  small  as  4  or  5  per  cent.  Small 
lots  suffer  most.  Therefore  the  majority  of  the  cultivators  who  stock 
only  small  quantities  are  the  greatest  sufi'erers. 

Rhizopertha  dominica.  (Plate  101.) 
This  insect  is  not  observed  ordinarily  in  the  store  to  do  as  much 
damage  as  the  rice  weevil.  But  under  certain  conditions  it  is  capable 
of  doing  far  greater  damage  and  in  a  much  shorter  time  than  the  latter 
insect.  It  does  not  infest  the  grain  if  free  air  finds  access  into  the 
storage  receptable.  If  however  the  vessel  is  made  airtight  or  fairly 
so  it  finds  the  ideal  conditions  for  breeding.     The  storage  experiments 
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EXPLANATION  OF  PLATE  101. 

RhizoperlJui  dominica. 

Fig.     1.  The  egg  (X  20). 
Fig.     2.  A  cluster  of  eggs  ( x  10). 
Fig.     3.   A  freshly  emerged  larva,  tlor.sal  view  (x2(i). 
Fig.     4.  A  freshly  emerged  larva,  lateral  view  (  x  26). 
Fig.     5.  The  larva  after  the  first  moult,  dorsal  view  (  x  20). 
Fig.     6.  The  larva  after  the  fir.st  moult,  lateral  view  (  X  20). 
Fig.     7.  The  larva  after  the  second  moult  ( X  20). 
Fig.     8.  The  larva  after  the  third  moult  ( x  20). 

Fig.     0.  The  fully  developed  larva  just  previous  to  pupating  (x20). 
Fig.   10.  The  pupa.     Ventral  view  ( x  20). 

Fig.   11.  The  adult  showing  the  attitude  when  actively  moving  about  (  x  20). 
Fig.  12.  The  antenna. 

Fig.  13.  A  grain  showing  tlie  larva  inside  (  x  0). 

Fig.   14.  A  grain  showing  the  pupa  in  the  cavity  excavated  by  the  larva  ( X  G). 
The  small  figures  by  the  side  of  the  larger  ones  indicate  tlic    natuial  sizes  of  the 
insects. 
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RHIZOPERTHA     DOMINICA. 


PLATE  102. 


TROGODERMA  KHAPRA. 


EXPLANATION  OF  PLATE  102. 
Trogoderma  khajyra. 

Fig.     1.  The  egg  (X  13). 

Fig.     2.  A  grouj)  of  eggs  showing  the  way  they  arc  sometimes  laid  together  ( X  6) . 

fig.     3.  An  egg  a  few  days'  old  showing  signs  of  the  developing  larva  inside  ( x  13). 

Fig.     4.  A  freshly  emerged  larva  ( x  2G). 

Fig.     5.  The  larva  after  the  first  moult  (  x  26). 

Fig.     6.  The  larva  after  the  second  moult  ( x  26). 

Fig.     7.  The  larva  after  the  third  moult  ( X  23). 

Fig.     8.  The  larva  after  the  fourth  moult  ( x  23). 

Fig.     9.  The  terminal  segments  of  a  larva  after  the  fifth  moult  ( x  23). 

Fig.  10.  The  pupa  of  a  male  beetle  still  enclosed  in  the  last  larval    skin.     Dorsal 

view  (x  13). 
Fig.   11.  The  pupa  of  a  female  beetle  as  iu  Fig.  10  (x  13). 
Fig.   12.  Tlie  female  pupa  removed  from  the  larval  skin,  ventral  view  (x  13). 
Fig.   13.  T.  khupm  female  (  x  13). 
Fig.   14.  T.  khapia  male  (  X  13). 
Fig.  le.  Antenna  of  male  beetle. 
Fig.  16.  Antenna  of  female  beetle. 
Fig.   17.  A  larva  attacking  a  wheat  grain. 

The  small  figures  by    the    side    of    the    larger    ones    indicate    the    natural  sizes  of 
the  insects. 
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were  carried  on  with  a  number  of  gunny  bags  and  earthen  vessels  (as 
shown  in  Plate  111)  in  a  godown  for  two  years.  This  insect  never 
occurred  in  gunny  bags  or  in  earthen  vessels  kept  with  their  covers 
loose.  It  occurred  only  in  those  vessels  in  which  the  cover  was  made 
airtight  by  being  plastered  with  mud  and  in  kerosine  tins  similarly 
treated. 

The  life-history  of  this  insect  is  given  in  detail  by  Messrs.  Barnes 
and  Grove.  It  hibernates  in  the  cold  weather  from  about  October  to 
March.  During  the  rest  of  the  year  the  generations  occur  after  roughly 
about  four  weeks. 

Trogoderma  khapra.  (Plate  102.) 
Tliis  Dermestid  is  of  importance  as  a  pest  of  wheat,  maize  and  pulses 
in  the  western  parts  of  the  United  Provinces,  the  Punjab  and  Gujarat. 
Its  life-history  is  given  in  detail  by  Messrs.  Barnes  and  Grove.  The 
period  of  activity  coincides  with  the  months  of  May  to  August  or  Sep- 
tember, when  the  generations  are  passed  through  in  quick  succession, 
each  cycle  of  life  occupying  about  four  to  five  weeks.  During  this 
time  there  is  an  enormous  increase  in  its  number.  The  foiu-th  genera- 
tion occupies  a  long  period  from  about  September  to  April,  the  cold 
weather  from  about  October  to  March  being  passed  by  the  larvae  in  a 
dormant  condition. 

In  the  godowns  examined  at  Cawnpur  numerous  grubs  were  observed 
inside  cracks  and  interspaces  between  the  bricks  on  the  walls.  In  these 
places  they  can  live  from  Reason  to  sea.son  and  feed  on  the  dust  and 
particles  of  grains  which  are  usually  present  there. 

Messrs.  Barnes  and  Grove  remark  that  the  interesting  feature  of 
attack  of  this  insect  is  that  it  is  usually  present  at  the  top  of  the  wheat. 
It  certainly  can  and  does  penetrate  to  some  depth  into  the  wheat  but 
the  greatest  amount  of  damage  always  occurs  in  the  first  six  to  twelve 
inches  and  during  the  first  year.  As  a  matter  of  fact,  the  other  pests 
(Calandm  oryzce  and  Rhizopertha  dominica)  also  begin  at  the  top  and 
gradually  go  downwards. 

Triholmm  castaneum.  (Plate  103,  figs.  1-5.) 
These  small  red-brown  beetles  and  their  slender  brownish  grubs  are 
frequently  found  in  damaged  grain  in  company  with  the  principal  pests, 
viz.,  Calandra  oryzw,  Rhizopertha  dominica  and  others.  They  cannot 
damage  the  grains  by  themselves  and  simply  follow  the  real  pests  and 
breed  in  the  dust  produced  by  the  latter.  They  however  occur  in  pro- 
fuse numbers  and  seem  to  prefer  the  company  of  Rhizopertha  to  that 
of  the  others.     When,  however,  in  want  of  food  they  are  forced  to 
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procure  sustenance  by  nibbling  the  grains.  A  number  of  the  beetles 
•confined  with  wheat  grains  were  observed  to  nibble  the  germ  of  the 
•grains.  This  was,  however,  exceptional.  Ordinarily  they  do  not  attack 
sound  grains. 

They  are,  however,  a  serious  pest  of  ground  wheat  {atta,  maida, 
suji),  ground  rice,  oatmeal,  etc.  In  addition  to  the  damage  they  cause 
they  impart  to  the  stufE  a  characteristic  nauseous  smell  and  taste  which 
lowers  its  value  as  food  and  consequently  also  its  price.  In  cases  of 
l)ad  infection  the  attacked  material  may  be  uneatable.  In  the  trade, 
atta  is  stored  and  sold  in  gunny  bags.  A  visit  to  a  store-house  contain- 
ing such  bags  between  July  and  November  reveals  the  presence  and 
working  of  this  insect  through  the  dust  which  oozes  out  of  all  sides  of 
the  bags  and  covers  them  entirely.  Atta,  suji,  etc.,  are  found  to  swarm 
with  these  insects,  especially  their  grubs,  about  September-October. 
The  insect  seems  to  be  more  active  in  the  rainy  season  than  at  other 
"times  of  the  year.     Fresh  generations  occur  after  about  a  month. 

Tenebroides  mauritanicus  (Plate  104). 

These  brown  beetles  and  their  large  fiat  white  grubs  easily  attract 
attention  when  they  are  present  among  the  grains.  They  occur  more 
commonly  in  rice  and  wheat  than  in  other  grains. 

Various  opinions  have  been  held  regarding  the  part  played  by  this 
insect  in  the  store,  some  being  distinctly  of  the  opinion  that  its  presence 
is  beneficial  and  therefore  desirable  on  the  ground  that  it  preys  upon 
other  grain  pests.  It  has  been  ascertained  by  experiments  that  the 
grubs  feed  only  upon  the  grains  and  not  upon  any  insect.  The  adult 
beetles  prey  upon  adult  rice  weevils  {Calandra  oryzce)  but  feed  upon  the 
grains  as  well  even  when  adult  rice  weevils  are  present.  Besides,  their 
growth  is  so  slow,  as  will  appear  from  the  short  details  of  life-history 
given  below,  that  their  usefulness  as  agents  of  destruction  of  other  pests 
is  negligible.  Therefore  they  are  to  be  ranked  among  pests.  As  pests, 
however,  they  are  not  capable  of  serious  injury  on  account  of  the  very 
slow  rate  of  their  development. 

Elongated  cigar-shaped  white  eggs  with  soft  membrane,  measuring 
about  1-5  to  2  mm.  in  length  and  about  0-25  mm.  in  thickness,  are 
deposited  in  clusters  among  the  grains.  In  orcUnary  weather  they 
hatch  after  about  6  days.  The  flat  white  grubs  are  sluggish  in  nature 
and  feed  by  gnawing  the  grains,  consuming  the  farinaceous  matter  and 
sometimes  entering  the  gnawed  grains  bodily.  They  can  also  feed  upon 
the  dust  produced  from  the  grains  by  other  pests. 

They  develop  very  slowly  and  become  full  grown  in  the  course  of 
-about  10  to  20  months.     Pupation  takes  place  either  inside  the  corroded 


EXPLANATION  OF  PLATE  103. 

Tribolium  caslaneum. 

Fig.  1.  The  egg  (X  13). 

Fig.  2.  The  freshly  emerged  larva  ( x  13). 

Fig.  3.  The  fully  grown  larva  ( x  10). 

Fig.  4.  The  pupa.     Ventral  view  ( x  13). 

Fig.  5.  The  adult  (  X  13). 


Lathcticus  onjzcB. 

Fig.     6.  The  egg  (  x  13). 
Fig.     7.  The  freshly  emerged  larva  ( X  13). 
Fig.     8.  The  fully  grown  larva  (  X  10). 
Fig.     0.  The  pupa.     Vcutral  view  (  x  13). 
Fig.   10.  The  adult  (  x  13). 


LamopMaus  sp. 

Fig.  11.  The  egg  (X  13). 
Fig.  12.  The  freshly  emerged  larva  ( x  13). 
Fig.  13.  The  fully  grown  larva  (X  13). 
Fig.  14.  The  pupa.     Ventral  view  ( >:  13). 
Fig.   15.  The  adult  (x  13). 

The  small  figures  by  the  side  of   the  larger  ones   indicate   the   natural 
sizes  of  tha  insects. 
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TRIBOLIUM  CASTANEUM,  LATHETICUS  ORYZ/E,  L/EMOPHL(EUS  SP. 
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Tenebroides  ntnttritaniciis  ;  1,  group  of  eggs  on  grain  ;  2,  a  single  egg  ;  3,  ntwly-halched  larva  ; 
4,  full-grown  larva  ;  5,  larva  gnawing  into  grain  ;  6,  pupa  ;  7,  bestle.  All  figures  are  enlarged, 
the  natural  sizes  being  shown  by  the  smaller  outline  figures. 
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Fig.  1.— Larva  Of  6'«6?>'*f/H  scflin.i,  magnified 
(16).  Tlie  smaller  outline  figure  shows  the 
natural  size. 


Fig.  2.~Gibbium     scoiias    (magnified  ;    the   smaller   figure   shows   tKe 
natural  size). 
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grain  or  between  a  few  grains  fastened  together.  The  pupal  stage  at 
orchnary  temperatures  is  about  8  days.  The  adult  beetles  live  for 
about  five  months.  They  oviposit  and  breed  any  time  in  the  year 
when  they  find  suitable  conditions. 


Gibbivni  scotias  (Plate  105). 

This  has  not  been  recorded  before  as  a  pest  of  stored  grain,  but  it 
was  found  by  Sardar  Harchand  Singh  feeding  upon  and  breeding  among 
stored  wheat  grains  in  a  shop  in  Patiala  in  July.  Living  specimens 
were  brought  to  Pusa  where  it  was  observed  that  they  completed  a  gene- 
ration in  the  course  of  a  month.  Small  white  eggs  are  laid  among  the 
grains  and  both  the  grubs  and  adults  feed  upon  the  grains,  either  nibbling 
their  surface  or  gnawing  deeper  into  them.  The  grub  is  white  with  a 
yellow  head  and  is  clothed  with  hairs  to  which  particles  of  grain,  dust, 
etc.,  stick,  bringing  about  a  dust-covered  appearance.  The  adult 
beetles  have  a  bulging  back  and  long  legs  and  look  like  spiders  of  a, 
brown  sliiny  appearance. 

This  insect  has  been  recorded  as  boring  into  the  outer  parts  of  opium 
cakes  at  Patna  and  damaging  the  records  in  the  Dharwar  Collectorate. 
It  is  a  household  insect  and  may  prove  to  be  serious  as  it  is  capable  of 
breeding  rather  quickly. 


Attagenus  piceiis  (Piute  106,  fig.  1). 

This  Dermestid  beetle  also  has  not  been  recorded  as  a  pest  of  stored 
grain.  Bi^  it  was  originally  received  from  the  Punjab  along  with  other 
store  pests,  and  actually  breeding  in  wheat  chafi.  It  is  capable  of 
feeding  and  certainly  does  feed  on  grains  in  the  store  but  it  is  oversha- 
dowed by  the  more  numerous  and  more  active  Trogoderma  khapra. 
It  breeds  very  slowly,  fresh  generations  occurring  after  one,  two  or 
even  three  years.  This  is  also  one  reason  why  it  cannot  be  prominent; 
and  it  will  probably  never  prove  serious. 

Beetles  emerge  in  April,  May,  and  June  and  live  at  the  most  for 
about  three  weeks,  in  the  course  of  which  they  complete  oviposition 
and  die.  Each  female  is  capable  of  laying  up  to  about  50  eggs,  which 
are  deposited  loosely  among  the  stuff  in  which  breeding  takes  place. 
The  eggs  hatch  ^in  about  8  days.  The  grubs  from  the  eggs  of  the  same- 
mother  may  feed  for  one  to  three  years,  some  attaining  the  adult  stage 
after  one  year,  some  after  two  years  and  some  after  three  years.  As 
already  stated,  the  beetles  appear  in  April,  May  and  June. 

VOL.  11  .  u 


720  PROCEEDINGS    OF    THE   THIRD    ENTOMOLOGICAL    MEETING 

Sitotroga  cerealella.  (Plate  106,  fig.  2.) 
The  small  motli,  Sitotroga  cerealella,  (known  as  surwi  in  the  Western 
parts  of  Bengal)  causes  considerable  damage  to  paddy,  wheat,  barley, 
maize,  and  juar  (Andropogon  sorghum)  grains  in  the  store.  It  is  known 
as  the  Angoumois  Grain  Moth  in  other  countries,  or  as  "  fly-weevil " 
in  America.  In  some  countries  it  is  Imown  to  infest  the  grains  in  the 
field.  R.  I.  Smith  gives  two  photographs  of  maize  cobs  infested  by  it 
in  the  field  in  October-November  (North  Carolina  Agricultural  Experi- 
ment Station  Bull.  203  (1909).  pp.  14-17).  A.  L.  Quaintance  records  the 
same  fact  observed  in  Florida  (Florida  Ag.  Exp.  Stn.  Bull.  No.  .36,  1896). 
In  this  country  it  has  not  been  observed  to  attack  grains  in  the  fields. 
Even  if  it  does  so,  it  must  be  so  rarely  that  no  notice  is  taken.  The 
damage  it  does  is  confined  to  the  store.  When  the  grain  lies  exposed 
or  is  kept  in  receptacles  not  full  it  literally  swarms  with  this  insect  and 
The  damage  is  very  considerable. 

The  insect  is  active  practically  throughout  the  year,  fi-esh  genera- 
tions occurring  in  the  ordinary  Season  after  about  a  month.  In  th« 
cold  weather  its  activity  is  less,  December  and  January  being  a  short 
period  of  rest.  Each  female  moth  is  capable  of  laying  up  to  about 
120  eggs  which  are  deposited  in  depressions,  cracks,  crevices,  or  holes 
in  the  grains  or  among  the  grains  in  the  heap.  The  egg  hatches  in  about 
6  days.  The  young  caterpillars  bore  into  the  grains  and  consume  the 
farinaceous  matter  and  when  full-grown,  in  the  course  of  about  a  fort- 
night, pupate  inside  the  grains,  emerging  aS  moths  after  another  week. 

The  Pulse  Beetles  (Bruchidas). 
The  pulse  beetles  have  not  yet  been  fully  worked  out.  It  is  not 
known  how  many  species  of  them  there  are  in  all  in  this  country.  Of 
the  known  ones  again  the  life-history  and  habits  of  only  a  few  have 
been  fully  observed.  As  regards  their  known  habits  they  can  be  grouped 
asjfollows  : — 

(a)  Some  work  only  in  the  store,  attacking  and  breeding  in  stored 

seeds. 
(h)  Some  work  both  in  the  field  and  in  the  store.  They  infest  the 
seeds  while  still  green  in  the  pods  on  the  plants  growing  in 
the  fields.  With  the  harvested  seeds  they  find  their  way  into 
the  store  where  they  continue  damaging  the  dry  seeds.  On 
account  of  the  altered  conditions  in  the  store  the  damage 
and  consequent  loss  are  considerably  more  than  in  the 
fields.  These  beetles  are,  of  course,  capable  of  invading  fresh 
stores  and  attacking  fresh  seeds  which  may  be  harvested  in 
an  unaffected  condition. 
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Fig.  ^.—Att(l(Jeul(s  piccits,  stages  in  life-history  (7). 


Fig.  2.~Sitotio)/f(  meoleUff  :  1,  egg  ;  2,  larva  ;  3,  pupa  insitfe  aKsckcd  grain  (cut 
open)  ;  4,  attacked  grain  after  emergence  of  moth  ;  5,  moth.  All  f  gures  are  ccn- 
siderably  magnifed,  the  smaller  outline  figures  indicatlrg  the  natural  sizes. 
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Fig.  \.—Bvtichus  rJihiensis.  Attacked  seed  with  three  eggs  and  hole  of 
emergence  of  beetle,  larva,  pupa,  and  dorsal  and  lateral  views  of  beetle 
(magnified  12  times). 


U 


Fig.  2.—Bnichiis  ajpHis.  1,  Eggs  laid  on  pod  { x  4)  ;  2,egg(>  16)  ;  3,  larva  (x8)  ; 
4,  seed  after  emergence  of  beetle  (x  4);  5,  beetle  ( x  8).  The  small  outline  figures 
against  nos.  3  and  5  indicate  the  natural  sizes. 
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(c)  Some  infest  the  seeds  in  the  fields  and  are  brought  into  the 
store  with  the  harvested  seeds  but  do  not  breed  in  the  store. 

In  order  to  deal  with  the  pulse  beetles  therefore  it  is  not  enough 
if  the  seeds  are  kept  in  receptacles  into  which  the  insects'  cannot  have 
access ;  but  it  is  necessary  to  treat  the  seeds  before  storage  in  such  a 
way  that  they  may  be  fi-eed  from  the  insects  which  may  be  present  in 
them  due  to  infestation  in  the  field. 

Below  are  given  the  life-history  and  habits  of  the  common  ones 
occurring  in  the  neighbourhood  of  Pusa.  The  names  attached  to  each 
species  are  given  with  reserve,  as  the  identifications  require  to  be 
corroborated. 

Bruchus  chinensis   (Plate  107,  fig.  1). 

This  is  the  most  common  pulse  beetle  hi  store.  It  is  found  principally 
in  the  Store,  although  in  some  places  it  has  been  observed  to  infest 
green  pods  in  the  field  as  well.  But  its  activity  in  the  field  is  small. 
In  the  store,  however,  it  causes  serious  damage  and  is  capable  of  breeding 
ia  almost  all  kinds  of  pulses.  The  following  three  pulse  seeds  have  so 
far  been  found  to  be  immune  from  its  attack,  viz.,  the  small  field-pea 
{Pismn  arvense)  and  two  varieties  of  Urid  {Phaseolus  ?  radiatus),  known 
in  the  neighbourhood  of  Pusa  as  Aghania  and  Mungia  urid. 

The  oval,  convex  and  whitish  eggs,  looking  like  small  whitish  spots 
on  pulse  seeds,  must  have  been  observed  by  all.  The  grubs  on  hatching 
from  the  eggs  gnaw  into  the  seeds  and  the  adult  beetles  emerge  through 
a  hole  by  pushing  open  a  round  piece  like  a  lid.  Fresh  generations 
occur  in  the  course  of  about  three  weeks  and,  as  each  beetle  lays  several 
hundred  eggs,  an  enormous  amount  of  damage  is  caused  in  the  course 
of  a  short  time.  Generation  after  generation  occurs  in  the  seeds  until 
there  is  hardly  anything  left  of  the  seeds.  Taking  lots  of  25  seeds  which 
were  exposed  to  these  beetles,  on  the  average,  7  beetles  have  been  bred 
out  of  each  large  pea  seed,  6  from  each  gram  seed,  5  from  each  khesari 
(Lafhyriis  sativus)  seed,  6  from  each  arliar  {Cajanus  indicus)  seed.  These 
facts  demonstrate  its  injurious  capacity  very  well. 

Bruchus  affinis  (Plate  107,  fig.  2). 
This  beetle  attacks  peas  of  all  sorts,  but  the  small  field  pea  {Pisum 
arvense)  more  than  the  other  varieties.  Eggs  are  deposited  on  the 
surface  of  the  green  pods  in  the  fields  ia  January  and  February.  They 
are  elongated  oval  and  cylindrical  in  shape,  measuring  0-66  mm.  ia 
length  and  0'25  mm.  across  and  are  orange  yellow  in  colour.  They  are 
held  in  position  by  a  clear  gummy  saibstance  exuded  with  the  egg  from 
the  ovipositor,  this  substance  covering  the  egg  and  Spreading  to  a  small 
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distance  on  the  substratum  all  round  the  egg.  They  are  deposited 
singly  but  there  may  be  several  to  many  eggs  on  the  same  pod.  On 
hatching  from  the  egg  the  young  grubs  gnaw  their  way  into  the  pod 
and  ultimately  into  the  seeds  inside  the  pod.  They  feed  and  grow 
inside  the  pod.  They  feed  and  grow  inside  the  seeds  which  are  harvested 
and  brought  into  the  store.  They  attain  the  adult  stage  by  about 
Maj'-June  but  do  not  leave  the  seeds.  From  July  onwards  a  few  beetles 
may  emerge  out  of  the  seeds  but  sit  quietly  and  rest  among  the  grains 
or  under  some  shelter  in  the  store.  All  emerge  and  fly  out  in  December 
and  January  and  lay  eggs. 

A  quantity  of  the  Small  field-pea  pods  which  had  eggs  on  them  was 
picked  out  and  kept  separately  and  50  per  cent,  of  the  seeds  of  these 
pods  proved  to  be  damaged.  Taking  whole  fields  together  the  amount 
of  damage  normally  has  been  found  to  vary  from  about  3  to  7  per  cent. 
A  lot  of  the  seeds  from  the  field  which  showed  a  damage  of  7  per  cent, 
was  sunned  after  harvest  consecutively  for  seven  days  in  the  hot  suu 
in  March.  In  the  sunned  lot  with  no  further  treatment  the  damage 
was  reduced  to  about  2J  per  cent.  By  storing  the  seeds  in  airtight 
jars  with  naphthaUne  in  March,  or  treating  them  with  carbon  bisulphide 
at  this  time,  the  damage  was  entirely  prevented.  When  the  seeds 
are  harvested  the  grubs  which  have  lodged  themselves  inside  them  are 
quite  young  and,  if  they  are  killed  at  this  time,  the  seeds  remain  practi- 
cally undamaged. 

Bruchus  sp.  (Plate  108). 

This  is  an  unidentified  species  of  a  pulse  beetle  which  has  been 
observed  to  breed  in  bean  seeds  in  store.  It  probably  breeds  as  well 
in  the  fields,  where  eggs  are  laid  on  the  green  pods.  In  the  store  the 
eggs,  as  usual  with  this  class  of  beetles,  are  deposited  on  the  seeds  as 
shown  in  the  figure.  Fresh  generations  occur  after  about  a  month. 
This  beetle  is  therefore  also  capable  of  very  serious  damage. 


Lasiodcrina  serricorne  (Plate  109). 

This  sm^ll  red  beetle,  commonly  known  as  the  cheeroot  beetle,  bores 
and  breeds  m  turmeric,  dry  ginger,  black  pepper,  dry  chilh  pods  and 
various  other  things.  It  is  one  of  the  major  pests  of  the  store.  Its 
Ufe-history  and  stages  are  shown  in  the  figures.  Fresh  generations 
occur  ordinarily  after  about  a  month.  It  is  capable  of  breeding  in  the 
open  air  and  on  one  occasion  was  observed  to  breed  in  dry  pods  of 
Poinciana  regia  still  hanging  on  the  plant  in  August. 
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Z>/7f(7(*f.ssp.(C.S.  1598)  in  bean  seeds  in  store  ;  I.eggson  bean  seed  which  also  shows  holes  of 
exitof  beetles  ;  2,  larva  ;  3,  pupa  ;  4,  beetle.  All  figures  are  considerably  magnified,  the 
smaller  figures  showing  the  natural  sizes. 
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LASIODERMA   SERRICORNE. 

1,  Effgs  ;  2,  young  larva;  3,  larva,  cleaned  of  attached  particles;  4,  pupa;  5,  beetle,  side  view; 
6,  beetle,  dorsal  view  ;  7,  c'ger  riddled  by  beetles.  Figures  1—6  are  considerably  magnified,  the 
hair-lines  indicating  the  natural  sizes. 
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A  nohiuni  sp.  in  Cumin  seed  in  store.    1,  larva  in  seed  ;  2,  larva  ;  3,  pupa  ;  4,  5,  beetle,  magnified. 
The  small  figures  indicate  the  natural  sizes. 
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Anobium  sp.  (Plate  110). 
This  small  brown  beetle  causes  serious  damage  to  aniseed,  coriander 
■seed,  cumin  seed,  ajwan  (Carum  copticum),  and  banjoan  {Apium  grave- 
■olens).  Both  the  grubs  and  adults  feed  on  the  grains.  In  affected 
material  all  the  stages  will  be  found  at  the  same  time.  The  white  grubs 
feed  inside  the  grains  and  fx-equently  bind  several  grains  together  before 
pupation. 

Immunity  or  otherwise  of  grains,  etc.,  stored  in  houses. 

In  order  to  ascertain  the  immunity  or  resistance  of  the  various  kinds 
«f  seeds  which  householders  ordinarily  stock,  two  pounds  of  each  of 
the  seeds  mentioned  below  were  kept  m  small  earthen  vessels  (Plate  111) 
■without  covers  ha  a  tiled  godown  where  the  storage  experiments  were 
carried  on  and  which  was  full  of  insects  and  opened  frequently  so  that 
any  insect  co\ild  have  easy  access.  The  seeds  lay  in  the  godown  for 
two  years  and  those  which  were  unaffected  by  insects  after  this  period 
are  placed  in  one  group  and  the  affected  ones  in  another  group. 

Unaffected. 

I.  Cereals — 

Oats  (Avena  saliva.) 
China  (Panicum  miliaceum). 
SJiama  {Panicum  frumentaceum). 
Kauni  {Setaria  italica). 
Kodon  {Paspalum  scrobiculatmn). 
Gandli  (Panicum  miliare). 
Mama  (Ehusine  coracana). 
Bajra  (Pennisetum  typhoideum). 

II.  Pulses— 

TJrid  (Aghania  and  Mungia)  {Phaseolus  radiatus,  varieties  of). 
Kirao  (The  small  Field-peas,  Pisum  arvense). 

III.  Oil-seeds— 

Mustard  and  Rape,  [Brassica  spp.). 

Castor,  (Ricinus  communis). 

Poppy,  {Papaver  somniferum). 

Linseed  {Linum  usitatissimum). 

Niger  oilseed,  {Guizotia  abyssinica). 

SafHower,  (Carthamus  tinctorius). 

Groundnuts  and  groundnut  seeds,  (Arachis  hypogcea). 

Gmgelly,  {Sesamum  indicum). 

y.B. — All  aafflower,  groundnuts  and  ground  lut  seeis  an  J  some  of  gingelly  and 
niger  oilseeds  were  eaten  by  rats  and  mice. 
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IV.  Fibres- 

Jute,  {Corchorus  Spp.). 

Sauu  hemp,  {Crotalaria  juncea). 

V.  Spices— 

Kalajira,  Black  ciimLa,  {NigeUa  sativa). 
Gohnirich,  Black  pepper  {Piper  nigrum). 
Methi  {TrigoneUa  Fcenum-grcBctm). 

Affected. 

I.  Cereals — 

Wheat  {Triticum  viilgare). 
Barley  {Hordeum  viilgare). 
Maize  (Zea  )iiays). 
Juar  (Andropogon  Sorghum). 
Paddy  (Oryza  sativa). 

K.B: — Damaged   principally   by  Calandra  onjzm  and  Rhizopcrtha  iotdinica  and  to  a 
less  extent  by  Sifotroga  cereaklhi. 

II.  Pulses— 

Moth  or  Bhringi  {Pkaseokis  aconitifolius). 
Kliesari  {Lathy rus  sativus). 
Bora  ov  Barbati,  Co^Tpea,  {Vigna  catjang). 
Chhola  or  Boot  Gram,  {Cicer  arietimim). 
Kidihi,  Horse-gram  {Dolichus  hiflorus). 
Masur,  Lentil  {Ervum  lens). 
Mung,  Green  gram  {Phaseolus  mvngo). 
Arhar,  Redgram  or  Pigeon- pea  {Cajanus  indicus). 
BaUa,  [Vicia  faba.) 
Malar,  Peas,  (Pisum  sativum). 

Bhat  or  Gari-kalai,  1  Soy  bean,  {Glycine  hispida)  partly. 
A'.B. — All  damaged  by  Bruclms  chinensis. 

V,  Spices— 

iSoH/  or  mouri,  aniseed  {Fcenicidum  vidgare). 

Jira,  Cumin  seed  {Cuminmn  cyminum). 

Ajivai  01  jwain,  {Carum.  copticum). 

Ajmiid,  {CarmnRoxburghianum). 

Dhaniya,  Coriander  seed,  {Coriandrum  sativum). 

Pipal,  Long  pepper  {Piper  longum). 

Haldi,  Turmeric  {Cirrcitma  longa). 

Ada,  Ginger,  {Zingiber  officinale). 

Lanka,  Chillies,  {Capsicum  frutescens). 

i\'.B.— The   first   five    bored   by  Anobitim  sp.  and  the   last   four  by  Lasioderma 
serricorne. 
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Fig.  1.— Earthenware  jar  for  preservation  of  grain.  Fig.  2.— Earthenware    jar  for    preservation  of  grain. 


Fig.  3.— A  glass  jar,  12  inches  high  and  4|  in  diameter,  and  two  earthenware  receptacles  (called  H arias)  witn  covers. 
The  larger  one  is  about  13  inches  high  and  about  14  in  diameter,  the  smaller  one  about  6  inches  high  and  7  in 
diameter. 
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Storage  receptacle  iK»t/ii)  made,  in  three  pieces,  of  unburnt  clay. 
Inside  measurements,  4  feet  higti  and  2  feet  in  diameter. 
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VI.  Miscellaneous^ 

Panipkal  or  Singhara,  Water-uut  (Trapa  bispinosa). 

Bored  by  Rkizopertha  dominica. 
Tamarind  seeds. 
Bored  by  Caryohorus  gonagra. 


Storage  receptacles  in  use  among  the  people. 
Earthen  vessels.  Earthenware  vessels  and  pots  are  in  universal  use. 
These  are  made  of  various  sizes  and  shapes.  Some  are  shown  in  Plates 
111 — 113.  For  storing  small  quantities  earthen  pots  are  probably  the 
only  vessels  used  everywhere.  In  some  localities  larger  vessels  used  are 
specially  prepared  for  storing  larger  quantities  up  to  about  four  maunds 
(81  lb.  :=1  md.)  in  single  vessels  (Plate  111,  figs.  1,  2)  and  these  are  called 
jaJas,  mothas,  nands,  and  by  various  other  names.  Earthen  covers  are 
used  for  them  (Plate  111,  fig.  3)  and,  when  it  is  intended  to  seal  up  the 
store,  these  covers  are  plastered  with  a  mixture  of  cowdung  and  mud. 
But  this  does  not  make  the  vessels  proof  against  insects,  as  will 
appear  from  actual  experiments  detailed  later  on. 

Mud-bins.  In  Bihar  for  indoor  storage  various  kinds  of  vessels, 
called  hothis,  are  made  of  unburnt  clay.  The  clay  is  mixed  with  long 
bits  of  straw  or  grass  so  as  to  give  a  tough  consistency  to  the  walls  which 
are  about  one  to  one  and  a  half  inches  thick  according  to  the  size  of 
the  vessel.  The  entire  wall  is  not  built  up  all  at  once  but  is  gradually 
added  to  as  the  lower  portions  dry.  Also  high  vessels  are  not  built  in 
one  piece.  The  vessel  in  Plate  112  (right)  is  a  single  piece,  that  in 
Plate  112  (left)  is  of  two  pieces  and  that  in  Plate  113  is  of  three  pieces, 
the  pieces  being  placed  one  above  the  other  and  prevented  from 
slipping  off  by  means  of  projecting  lips  which  fit  on  to  each  other  at 
the  points  of  juncture.  The  hothis  shown  in  Plate  112  are  oval  in 
outhne  and  one  of  them  has  a  hole  at  the  lower  part  through  which 
the  stored  article  can  be  taken  out  without  opening  the  mouth.  That 
shown  in  Plate  113  is  round  in  outhne.  Square  and  oblong  hothis  are 
also  made  and  frequently  they  possess  several  chambers  inside  with 
walls  between  them  for  storing  different  kinds  of  grain.  The  covers, 
as  shown  in  the  photographs,  are  made  of  the  same  stuff  as  the 
hothis  themselves  and  are  plastered  with  mud  to  .seal  the  store.  The 
joints  also  are  similarly  plastered  (PI.  112,  left).  The  joints  and  the 
mouth  of  the  hothis  are  their  weak  points  and  cannot  be  made  proof 
against  insects,  which  fi'equently  occur    in  the  grains  stored  in  them. 

Kerosine  tins,  being  available  everywhere  at  a  small  cost  and  being 
not  as  brittle  as  the  earthenware  pots,  are  also  used  extensively  for 
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storing  purposes,  of  course  on  a  small  scale.     The  difficulty  with  them 
however  is  that  their  openings  can  hardly  be  made  insect-proof. 

Gunny  bags  are  in  universal  use  among  all  cultivators,  grain  dealers 
and  even  big  merchants,  especially  for  convenience  of  handling  and 
transport.  Bags  filled  with  grain  are  piled  up  in  large  godowns  up  to 
the  ceiling.  As  storage  receptacles  they  are  extremely  bad  as  they 
expose  the  grain  to  insects  all  around  their  surface. 

Bamboo  bins,  etc.  Bins  are  made  of  bamboo  matting  or  wattling, 
of  stems  of  Saccharuin  anmdinaceum,  of  sticks  of  leguminous  plants, 
etc.  These  are  of  the  shape  of  ordinary  cylindrical  iron  bins  and  of 
various  capacities.  Their  walls  are  plastered  with  cowdung  both  inside 
and  outside  or  only  inside  and  usually  they  have  solid  bottoms  which 
are  also  plastered  similarly.  They  are  as  a  rule  used  for  indoor  storage 
and  sometimes  have  conical  umbrella-like  coverings  which  can  be  placed 
on  the  top.  Rarely  they  possess  no  bottom  and  are  pitched  on  the 
flat  floor  and  made  firm  by  means  of  sticks  driven  into  the  ground.  In 
such  cases  they  are  used  for  a  rather  coarse  stufi  like  unhusked  paddy 
grains.  Such  bins  are  incapable  of  keeping  ofi  insects.  They  are  not 
in  use  all  over  India.  As  far  as  the  writers  know,  they  are  found  in 
Assam,  parts  of  Bengal  and,  as  Mr.  V.  G.  Deshpande,  the  Entomological 
Assistant  of  the  Konkan,  informs  them,  in  the  Deccan.  Even  by  being 
well  plastered  with  mud  they  cannot  be  made  insect-proof. 

Straw  pura  (Plate  114).  In  West  Bengal  for  storing  indoors,  and 
at  one  place,  say  from  about  four  to  about  16  maunds  usually  of  husked 
rice  or  unhusked  paddy  grains,  this  piira  is  in  common  use.  It  is  made 
entirely  of  paddy  straw.  In  this  part  paddy  straw  is  in  great  demand 
for  thatching  purposes  and  therefore  all  varieties  of  paddy  are  harvested 
in  sheaves,  the  grain  being  separated  by  beating  the  sheaves  on  sloping 
planks.  For  the  Pura  as  well  as  for  the  Mo7-ai  to  be  described  later  on, 
thick  ropes  about  IJ  to  IJ  inches  in  diameter  are  prepared  with  this 
straw  in  the  manner  shown  in  Plate  115.  For  this  purpose  the  loose 
leaf-sheaths  of  the  straw  are  discarded  as  far  as  possible  by  holding  the 
loosened  sheaf  at  the  top  and  giving  downward  jerks.  The  straw 
is  then  moistened  with  water  to  make  it  pliable.  In  this  figure  (No.  2) 
about  two  and  a  half  bundles  of  such  straw  are  lying  in  front  of  the 
man  who  is  sitting.  He  is  feeding  the  rope  with  his  hands,  giving  it  a 
twist  at  the  same  time  by  rolling  it  in  the  desired  direction  by  means 
of  his  right  foot.  The  man  at  the  other  end  continually  twists  the 
rope.  The  ropes  are  usually  made  in  lengths  of  about  50  yards.  One 
bundled-up  ro^e  is  lying  on  the  left  side  of  the  feeder.  Fig.  1  shows 
how  the  rope  is  commenced  and  Plate  114,  fig.  2,  how  it  is  fed.  Unless  the 
paddy  is  harvested  before  the  straw  becomes  too  dry  and  brittle  no 


Fig.  2.— Preparation  of  a  straw  rope   showing   how  the 
Fig.  1.— Section  through  straw  Pma.  "Pe  'S  »ed  with  straw. 


Fig.  Z.—Purd  made  of  straw  rope. 
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Fig.  1.— Commencing  a  straw  rope  for  the  building  of  a  Morai. 


Fig.  2.-Preparing  a  straw  rope  for  building  a  Morai.    It  is  fed  with  the  right  hand  and  twisted 
with  the  right  foot  of  ths  feeder,  and  twisted  with  the  hands  of  the  twister. 
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Tope  can  be  made  out  of  the  straw.  Attempts  were  made  to  prepare 
ropes  with  Bihar  straw  but  without  success.  Plate  114,  fig.  1,  is  a 
diagrammatic  section  through  the  Pura.  The  hollow  space  inside  is 
occupied  by  the  grain  and  there  is  a  thick  lining  of  straw  between 
the  grain  and  the  covering  of  ropes. 

Unhusked  paddy  grains  are  known  to  keep  well  in  Puras  for  years. 
Husked  rice  is,  however,  known  to  be  attacked  by  the  Rice  Weevil 
(Calandra  oryzce)  if  kept  for  two  or  three  years.  Much  depends  on  the 
make  of  the  Pura  and  ability  of  the  insects  to  penetrate  into  it. 

There  is  also  a  method  of  prpserving  paddy  seeds  inside  straw  bundles. 
Two  such  bundles  are  seen  lying  on  the  ground  in  front  of  Plate  118, 
fig.  2.  The  seeds  are  placed  in  loose  straw  which  is  then  rolled  up  into 
a  large  bale  which  is  secured  and  made  tight  by  means  of  ropes  passed 
round  it.  In  Bihar  these  bundles  are  known  as  Puras.  They  are  either 
kept  indoors  or  in  the  court  yard  where  they  are  covered  with  earth. 
Sometimes  several  such  puras  are  kept  outside  on  a  sort  of  a  platform 
similarly  covered  with  earth,  the  covering  of  earth  being  intended  to 
protect  the  seeds  from  rain.  Mr.  Deshpande  says  a  similar  method  is 
followed  in  the  Konkan  where  the  bundles  are  known  as  Mudhas.  About 
a  maund  or  at  the  most  two  maunds  of  seeds  can  be  preserved  in  one 
bundle. 

Cavities  in  walls.  In  some  places  for  storing  small  quantities  of 
grain  hollow  cavities  are  kept  in  walls  of  houses. 

Store  House  .'  Hamar,  Gala,  Kotha,  Kothi.  For  storing  grains  in  bulk 
outdoor  methods  are  adopted.  In  many  places  regular  store-houses  are 
built  with  solid  walls  all  round  and  small  doors  like  trap-doors  high  up 
in  the  wall  near  the  roof.  In  order  to  keep  the  grain  as  much  above 
the  ground  as  possible  sometimes  the  store-house  is  built  with  two 
storeys,  the  room  or  rooms  in  the  first  floor  being  used  for  storage  and 
the  space  in  the  ground  floor  for  other  purposes.  In  such  houses  no 
other  receptacle  is  used  and  the  grain  is  poured  into  the  room  through 
the  small  door.  Rarely  such  houses  are  built  with  wooden  walls. 
These  houses,  built  specially  for  storage  purposes,  are  variously  known 
as  hamars,  galas,  kothas,  kothis,  etc. 

Morai  (Plate  116)  is  a  feature  of  Western  Bengal  as  far  as  the  writers 
know,  being  used  practically  wholly  for  storing  paddy  grains  in  bulk 
out  of  doors. 

Plate  116  shows  the  building  of  the  small  morai  which  was  used  for 
storing  wheat  at  Pusa.  It  is  built  practically  on  the  same  principle  as 
the  straw  -pura  described  above  (Plate  114)  with  ropes  of  straw.  A 
large  morai  intended  for  keeping  a  large  quantity,  say  several  hundred 
maunds,  of  grain,  is  usually  built  on  a  solid  platform  either  of  earth  or 
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masonry,  instead  of  on  planks  as  shown  in  the  figure.  On  the  ^jlatform 
first  of  all  a  thick  layer  of  straw  is  spread,  on  which  the  grain  is  poured 
and  the  building  commenced.  The  lowest  roj^e  is  very  thick  and  made 
in  the  form  of  a  ring  and  distinct  from  the  upper  ropes.  It  helps  the 
straw  intended  for  Uning  to  stand.  The  grain  is  poured  in  and  the 
rope  taken  round  and  round.  At  the  top  the  grain  stands  in  the  form 
of  a  conical  heap  and  on  the  top  of  it  there  is  the  thatch  which  is  thick 
and  proof  against  rain.  Plate  116,  fig.  2,  shows  the  morai  after  it  is 
complete  and  Plate  117,  fig.  1,  shows  a  diagrammatic  vertical  section  of  it. 

About  20  to  500  maunds  of  grain  jan  be  stored  in  each  morai. 
Provided  the  materials  are  ready  it  can  be  built  up  and  completed 
in  the  course  of  a  single  day  by  two  or  three  men.  In  it  the 
cultivator  has  devised  a  very  cheap,  efficient  and  convenient  method 
of  storing  paddy.  The  ropes  last  for  about  7  or  8  years  with  a  little 
care,  even  when  used  frequently.  If,  however,  the  morai  is  built  and 
left  unopened  they  are  known  to  last  for  more  than  ten  years.  Paddy 
grains  are   known  to  keep  in  it  perfectly  safe  from  insects. 

The  morai  (Plate  116)  built  at  Pusa  was  about  i\  feet  in  diameter  i#t 
the  base  and  about  5  feet  high.     It  accommodated  60  maunds  of  wheat. 

Balhari. — In  Bihar  the  outdoor  granaries  take  the  forms  shown  in 
Plates  118-121.  These  are  called  hakharis.  All  are  built  on  a  platform 
somewhat  raised  from  the  ground  in  order  to  avoid  damp.  The  walls 
of  the  round  hakharis  (Plate  119,  fig.  2)  are  usually  made  of  the  stems 
of  Saccharum  fuscum,  locally  known  as  Ikri,  and  plastered  with  mud. 
Plate  119,  fig.  1  shows  a  larger  bakhari  under  construction.  It  has  four 
chambers  with  a  door  for  each.  The  walls  are  of  wattled  bamboo 
which  will  be  plastered  with  mud.  On  the  right-hand  side  of  Plate  121, 
fig.  1,  part  of  such  a  bakhari  in  the  finished  condition  is  seen.  On  the 
left  side  of  this  figure  there  is  a  bakhari  with  masonry  walls,  with  open 
arches  beloAV  for  prevention  of  damp  and  with  three  chambers  as  is 
evident  from  the  three  doors.  Wheat,  barley,  maize,  peas,  etc.,  are 
stored  in  the  hakharis  with  plenty  of  bhusa  (usually  broken  wheat  straw, 
chaff,  etc.)  all  around  the  grain  as  shown  somewhat  diagrammatically  in 
Plate  117,  fig.  2.  Sometimes  gunny  bags  filled  with  grain  are  similarly 
kept  in  the  midst  of  bhusa.  The  bhusa  is  well  pressed  to  make  it  as 
impervious  to  insects  as  possible.  In  the  case  of  wheat,  barley,  and 
maize,  wliich  are  very  liable  to  be  damaged  by  insects,  some  people  take 
very  great  care  foi  storage.  The  bakhari  is  filled  with  bhusa  which  is 
very  well  pressed  down.  Then  a  hole  or  cavity  is  scooped  out  in  this 
bhusa:  Grain  is  poured  into  this  cavity  and  covered  with  a  layer  of 
bhusa  on  the  top.  Wheat  is  said  to  remain  immune  in  this  manner  for 
two  or    three   years.     On  the  other  hand  it  has  been  observed  to  be 
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Fig.  1.— Section  through  a  i»/«j 


fig.  2.— Section  through  Hdhliari,  as  used  in  Bihar,  to  show  how  the 
grain  Is  stored  with  B/iiisa  (Chaff)  all  around  it. 
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Fig.  1.— Showing  diagrammatlcally  by  dots  where  grain  is  aifected  when  stored  in  a 
Movai  (lett)  or  tiira  (right). 


Fig.  2 — Two  Bakhuris  for  storage  of  grain.    Two  ptiras  of  paddy  sceifs  are  seen  lying  on  tl  e  ground  between  the 

B((]ihar4s. 
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Fig.  1.— A  Bakhai'i 


construction  and  almost  completed.    The  walls,  of  bamboo  wattling,  have  not  yet 
plastered  with  mud. 


Fig.  2.— Two  liaklKiHs  of  a  type  used  in  Bihar  for  storage  of  grain. 
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attacked  by  the  Rice  Weevil  (Calamlra  oryzce)  in  the  course  of  a  year. 
All  depends  on  the  accessibility  of  the  insects  into  the  grain. 

On  this  principle  a  masonry  store-house  has  been  built  in  the  Cawnpur 
Agricultural  Experimental  Station  especially  to  preserve  the  seed  for 
the  next  season.  Bags  filled  with  wheat  are  piled  up  to  the  ceiling. 
Care  is  taken  to  have  a  thick  layer  of  hhusa  all  round  the  bags  on  the 
floor  and  against  the  walls  and  the  ceiling.  The  door  is  also  similarly 
closed.  But  grains  are  said  to  be  affected  by  weevils  in  this  store, 
especially  those  near  the  door,  through  wliich  apparently  the  insects 
find  access. 

Bokhar.  From  Bihar  as  we  proceed  to  regions  of  decreased  raijifall 
of  the  United  Provinces  of  Agra  and  Oudh.  the  precautions  against 
damp  in  the  preparation  of  store-houses  are  dispensed  with.  In  some 
places  in  the  Benares  Division  ordinary  dwelhng  houses  of  the  cultivators 
are  converted  into  what  they  call  Bohhars  in  which  they  store  all  kinds 
of  grain,  such  as  wheat,  maize,  pulses,  etc.  The  grain  is  poured  on 
the  floor.  Against  the  walls  there  is  first  of  all  a  layer  of  linseed  sticks 
and  then  a  layer  of  hhusa.  The  doors  and  windows  also  are  similarly 
stopped  and  the  entire  room  may  be  filled  with  grain.  In  some  places 
the  bokhar  is  a  room  partly  underground  and  partly  above  ground. 

Khatti.  Where  the  level  of  the  subsoil  water  is  low  the  bokhar  has 
been  replaced  by  underground  pits  known  as  Khattis.  Plate  121,  fig.  2, 
shows  a  diagrammatic  section  through  a  khatti.  It  is  a  hollow  pit  under- 
ground with  a  narrow  round  opening  at  the  top'  about  2|  feet  in 
diameter,  through  which  a  man  can  pass.  A  layer  of  leaves  and  bhvsa 
is  placed  at  the  bottom  before  filling  in  the  grains  and  against  the  walls 
a  layer  of  straw  is  put.  When  the  khatti  is  full  the  mouth  is  closed  and 
plastered  with  earth  level  with  the  surface  of  the  ground.  In  order  tO' 
empty  a  khatti  a  man  goes  in  to  fill  a  basket  wliich  two  men  pull  up  by 
means  of  two  thick  ropes  tied  at  opposite  ends  on  the  rim  of  the  basket, 
as  shown  in  the  diagram.  Wheat,  barley,  peas,  gram  and  maize  are 
usually  jKcserved  in  khattis  and  probably  wheat  on  the  largest  scale. 

Much  of  the  following  details  regarding  khattis  was  supplied  by  Babu 
Bhulimal  Narayan  Das,  Merchant,  sometime  Vice-Chairman  of  the 
Ghaziabad  Municipal  Board,  and  owner  of  20  khattis,  to  one  of  the 
\^Titers  (C.  C.  G.),  who  paid  a  visit  to  Ghaziabad  in  March  1918  to  see 
methods  of  storage  on  the  khatti  system.  At  this  place  there  are  1,200' 
khattis.  Their  capacity  is  about  600  to  750  maunds.  They  are  1-5  feet 
to  16|  feet  deep  and  their  diameter  at  the  bottom  is  of  the  same  measure- 
meat.  The  methods  of  digging  khattis  differ  from  place  to  place.  At 
Ghaziabad  the  diameter  of  the  khatti  at  any  point  is  equal  to  the  depth 
of   this  point  from  the  ground-level.     In   some  places,  for  instance  at 
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Hapur,  the  diameter  at  any  point  is  one  and  a  half  times  or  even  twice 
the  depth  of  the  point  from  the  ground  level.  The  capacity  of  the 
khatli  is  regulated  by  the  level  of  the  subsoil  water.  At  Hapur,  where 
there  are  2,000  khattis,  the  capacity  is  said  to  be  700  to  800  maunds ; 
at  Secunderabad  it  is  300  to  400  maunds  ;  at  Deoband  and  Dancor  200 
maunds ;  at  Meerut  and  Shamli  300  maunds  and  at  Etawa  1,500 
to  2,000  maunds.  A  khatli  of  a  given  cubical  capacity  can  accom- 
modate different  quantities  of  different  articles.  Thus,  one  capable 
of  holding  600  maunds  of  wheat,  gram  or  peas  can  accommodate  only 
500  maunds  of  barley. 

Storage  in  khattis  is  extremely  cheap.  To  make  one  of  a  capacity 
of  600  to  750  maunds  of  wheat  at  Ghaziabad  costs  only  about  Es.  20 
and  it  lasts  for  years.  Babu  Bhuhmal  has  ten  which  are  more  than 
fifty  years  old.  At  Ghaziabad  there  are  khattis  which  are  more  than 
a  hundred  years  old.  They  are  a  source  of  steady  income  to  their  owners 
who  do  not  as  a  rule  use  them  themselves  but  hire  out  to  merchants. 
At  Ghaziabad  the  hire  of  the  khattis  for  the  term  (April  to  April)  is 
Es.  15,  20  or  25.  In  some  places  the  hire  is  fixed  according  to  the 
capacity.  To  a  merchant  who  takes,  say,  a  khatli  for  600  maunds  of 
wheat  for  Es.  20  the  storage  cost  works  up  to  a  little  more  than  one 
anna  per  maund  for  the  whole  year. 

The  greatest  defect  of  the  khatii  system  of  storage  is  that  the  grains 
absorb  moisture  and  ferment  to  a  small  extent,  those  at  the  bottom 
and  near  the  walls  being  spoilt,  turning  black  and  becoming  unfit  for 
human  consumption.  When  the  grain  is  taken  out  it  feels  moist  and 
hot  and  possesses  a  distinct  fermentation  smell  which,  however,  ths- 
appears  to  a  very  great  extent  when  the  grain  becomes  dry.  For  this 
reason  khaiti  grain  {i.e.,  grain  preserved  in  khattis)  always  sells  cheaper 
than  kotJia  or  kothi  grains  {i.e.,  that  preserved  in  above-ground  store- 
houses). On  the  7th  March  1918  at  Ghaziabad  khatti  grain  was  seUing 
at  11  seers  per  rupee,  while  kotha  grain  was  selling  at  lOJ  seers.  The 
rate  for  Ma«i  wheat  was  Es.  4-14-Qper  maund  and  the  spoilt  wheat 
from  the  same  khatti  was  selling  at  Es.  1^  per  maund  if  moist  {i.e., 
ireshly  taken  out)  *  Es.  2  per  mauud  if  dry.  The  spoilt  grain  is  fed 
to  cattle.  On  account  of  the  absorption  of  moisture  there  is  always 
an  increase  in  the  weight  of  the  stored  grain  at  Ghaziabad,  usually 
about  one  maund  in  every  100  maunds  stored.  This  increase  of  course 
varies  from  place  to  place  or  even  from  khaiti  to  khatli. 

The  efficiency  of  the  kMtli  as  a  storage  receptacle  depends  on  (a) 
the  kind  of  soil  in  which  it  happens  to  be  dug,  (6)  its  age,  and  (c)  its  size. 
A  high  ground  is  preferred  for  the  khatti  and  one  in  such  ground  is  always 
better  than  one  in  low  ground.     A  man  pointed  to  a  khatti  in  front  of 
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his  shop  ia  which  10  maunds  of  grain  were  spoilt  in  the  first  year  and, 
if  kept  on  for  th,e  second  year,  as  much  as  30  maunds  were  spoilt,  whil& 
one  equally  old  behind  his  shop  was  reported  to  spoil  only  3  or  4  maunds 
even  if  the  grain  was  continuously  kept  for  two  years.  With  age  the 
khatti  seems  to  become  drier  and  therefore  less  grains  are  spoilt  in  them 
but  they  were  reported  to  be  more  liable  to  attack  by  insects.  In  some 
of  the  ichaltis  which  were  about  100  years  old  it  was  said  that  there- 
was  hardly  any  increase  in  weight  due  to  moisture,  but  on  the  other 
hand  the  grain  at  the  top  up  to  a  depth  of  about  two  to  three  feet  was 
damaged  by  insects,  leading  to  a  decrease  in  weight  of  about  2  or  3- 
maunds.  The  insects  were  reported  to  work  always  from  the  top 
downwards.  In  large  khattis  holding,  say,  1,500  or  2,000  maunds,  on 
accomit  of  the  larger  bulk  of  the  grain  the  damage  is  comparatively 
small.  But,  as  it  is  easier  to  get  customers  for  small  quantities,  the- 
ordinary  dealers  prefer  khattis  of  smaller  capacity.  The  exporters 
prefer  larger  ones.  Of  course,  the  longer  the  grain  is  kept,  the  greater 
is  the  damage,  more  in  the  second  year  and  still  more  in  the  third 
year. 

The  khattis  may  be  said  in  some  respects  to  occupy  the  same  position 
as  the  Country  Elevators  do  in  the  United  States  of  America  and  Canada. 
Sir  Thomas  Price,  in  his  "  Report  on  the  Storage  and  Handhng  of  Grain 
in  Europe,  United  States  of  America  and  Canada,"  says  : — "  The  Country 
Elevators  are  the  buildings  [capacity  50  to  20,000  tons  and  built  of 
wood  ;  p.  21]  studded  all  over  the  country  adjacent  to  Railway  Stations 
and  usually  on  Railway  ground,  to  which  grain  is  brought  by  the  farmers 
to  be  sold  or  stored  until  ordered  to  be  sent  forward  by  rail  to  a  flour 
mill  or  to  a  Terminal  Elevator,  there  to  be  either  further  stored  till  dis- 
posed of  or  shipped  by  sea,  lake,  canal,  river,  railway  or  other  means 
of  communication  "  (page  6).  Also  the  elevator  "  is  the  ware-house  for 
grain,  designated  by  a  registered  title,  inspected  and  licensed  by  the 
State,  and  under  the  more  particular  supervision  of  the  City  Board  of 
Trade.  Grain  must  be  weighed  and  classified  before  going  into  its 
bins  and  once  there  it  is  as  easy  to  deal  in  it  in  the  market  as  it  is  to- 
transfer  money  in  a  bank  from  one  account  to  another.  The  ware- 
house receipt  for  it  is  negotiable ;  to  all  intents  and  purposes  it  is  the 
grain  itself "  (p.  39).  The  khattis  are  not  as  systematized  as  described 
here.  They  are  situated  in  large  grain  centres  to  which  the  farmers 
bring  their  produce  usually  for  sale.  The  dealers  store  the  grain  in 
them  and  the  grain  stored  in  them  may  pass  through  several  hands  before 
being  actually  emptied  out  and  disposed  of.  Necessarily  some  rules 
and  conventions  have  arisen  for  the  working  of  the  khattis.  Thus  at 
Ghaziabad  there  is  a  special  class  of  men  called  Chamars  who  do  the 
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filling  and  emptying.  The  filling  charges  are  30  seers  of  grain  which 
is  taken  out  of  what  is  stored.  The  emptying  charges  are  five  maunds 
of  grain  taken  out  of  what  is  emptied  out.  These  are  usually  met  from 
the  increase  in  w£ight  and  the  dealer  gets  the  equivalent  of  the  weight 
stored.  He  has  to  meet  them  even  if  there  be  not  so  much  increase  in 
weight  or  a  shortage. 

Questioned  about  the  death  of  workers  in  the  khattis  due  to  the 
accumulation  of  poisonous  gases,  Babu  Bhulimal  said  that  in  his 
opinion  such  accidents  happened  when  the  grain  was  spoilt  by  water 
too  much  and  when  they  were  left  half-emptied  over  night.  In  his 
experience  three  deaths  occurred  in  1910  in  a  khatii  which  was  left  about 
half-full  to  be  emptied  wholly  the  next  day.  At  night  three  Chamars 
came  to  steal  the  grain.  They  went  in  one  after  another  and  died. 
Such  cases  occurred  very  rarely. 

The  grain  in  the  khatlis,  at  least  wheat,  does  not  seem  to  lose  its 
germinating  power  entirely.  A  small  quantity  of  wheat  taken  out  of 
a  khaiti  at  Ghaziabad  in  March  was  brought  to  Pusa  and  59  per  cent, 
of  it  germinated  when  tested  in  April. 

Banda.  As  described  by  a  literate  cultivator  of  Jabbalpur,  this  is 
a  modification  of  the  khaiti,  as  illustrated  in  Plate  122,  fig.  1.  It  is  of 
the  same  diameter  (about  10  feet)  throughout  and  about  15  feet 
deep.  It  is  filled  and  the  grain  heaped  up  at  the  top  and  then  covered 
with  earth.  The  convex  covering  does  not  allow  rain  water  to  get  in. 
Bcnnlas  are  made  in  high  grounds  and  sometimes  with  masonry  walls 
and  bottom.  In  these  too  the  grain  absorbs  moisture  and  acquires  a  • 
slight  smell  due  to  fermentation. 

Pev  of  the  Desh  or  Up-Ghat  Districts  (Sholapur,  Satara,  Poona, 
Ahmednagar,  etc.) .  of  the  Deccan  is,  according  to  Mr.  Deshpande,  a 
huge  underground  godown  usually  meant  for  storing  very  large  quan- 
tities (hundreds  of  tons)  of  juar  (Andropogm  Sorghum)  and  bajra  {Penni- 
setum  typhoideum)  grains.  It  has  small  square  or  circular  openings  at 
the  top  which  are  at  some  depth  below  the  ground-level.  After  filling 
the  godown  and  closing  the  openings  the  earth  is  filled  up  and  a  perma- 
nent mark  is  kept  to  indicate  the  position  of  the  openings. 

Targhars,  or  underground  cellars  of  this  place,  are  of  the  same  nature 
.  as  the  underground  godowns,  except  that  they  are  the  underground 
storey  of  a  superstructure  and  possess  vertical  doors.  The  grain  in 
both  the  above  is  said  to  absorb  moisture  and  acquire  a  slight  smell  due 
to   fermentation. 

Kotha  or  Kofhi  (hterally,  a  house).  The  khatti  or  pit  system  is  said 
to  be  not  prevalent  in  the  Punjab.     There  the  grain  when  required  to 
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Fig.  1.— Storag;e-pit  (Batida)  of  Jabbalpur. 
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Fig.  2.— Wheat  grains  in  stoppered  jar  under  about  seven  inches 
of  sand,  showing  how  insect  pests  leave  the  grain  and  come 
to  the  top  of  the  sand. 
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be  stored  in  very  large  quantities  is  poured  on  the  floor  of  ordinary 
houses  or  rooms  which  may  be  filled  to  a  great  dejDth,  the  doors  and 
windows  being  stopped  accordingly.  Sand  is  said  to  be  spread  over 
the  grain  sometimes  when  the  grain  thus  stored  is  said  to  be  Khapra 
grain.  More  frequently  bhusa  is  said  to  be  used  for  this  purpose.  The 
upper  layers  of  the  grain  are  always  spoilt  by  insects.  Rohtak  is  said 
to  be  the  place  where  the  best  kotha  system  is  practised,  and,  according 
to  the  agent  of  Messrs.  RalU  Brothers  at  Delhi,  with  whom  one  of  the 
wTiters  (C.  C.  G.)  discussed  the  question  in  March  1918,  the  best  wheat 
was  available  from  Rohtak  preserved  according  to  the  khapra  system. 


Experiments  with  wheat. 

Experiments  I,  II  and  III. 

The  prehminary  experiments,  viz.,  1,  II  and  III,  were  carried  on 
with  a  kind  of  hard  wheat  obtained  from  the  local  market.  The  wheat 
was  cleaned  before  use  but  not  fumigated.  It  was  apparently  infected 
while  lying  in  the  dealer's  godown. 

Experiment  I  was  carried  on  with  stoppered  jars  (Plate  111,  fiw.  3) 
Experiment  II  with  small  earthen  vessels  with  earthen  covers  (fitr.  3.) 
and  Experiment  III  with  small  gunny  bags  made  by  cutting  pieces 
out  of  ordinary  ones.  Two  pounds  of  wheat  was  used  in  all  cases. 
The  oils  were  rubbed  over  the  grains  with  the  hand.  Camphor  cakes  (50 
grains),  garhc  bulbs,  naphthaline  balls  and  king  (asafoetida)  were  placed 
in  the  midst  of  the  grains.  Lime,  senwar  leaves  (Vitex  negundo), 
tobacco  dust,  powdered  sulphur  and  powdered  dacra  stem  (a  plant  said 
to  have  insecticidal  properties),  were  mixed  with  the  grains.  Sand,  ashes 
and  road-dust  were  placed  on  the  top  of  the  grains.  In  the  gunny  ba^s 
sand  and  ashes  were  used  in  large  quantities  and  mixed  with  the  grains. 
Experiment  I  was  started  between  1st  and  18th  June  1915  and  the 
final  examination  was  made  on  7th  March  1916.  Experiments  II  and 
III  were  started  on  10th  June  1915  and  final  examinations  of  the  former 
were  made  on  10th  March  1916  and  of  the  latter  on  the  23rd  March 
1916.  For  the  convenience  of  comparison  the  results  of  the  three 
experiments  are  given  together  in  the  form  of  the  weights  left  on  the 
date  of  the  final  examination  after  sieving  out  the  dirt  and  insects  as 
much  as  possible.  Fractions  of  ounces  below  a  half  are  omitted  half 
ounces  and  more  being  taken  as  one  ounce.     In  the  places  left  blank 
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nothing   was   used.     In   the  remarks  following   this   statement   some 
details  regarding  the  various  treatments  are  given  : — 


Treatment 

Stoppeked 

JARS 

Eabthen 

VESSELS 

Gunny 

BAGS 

Germination 
per  cent,  of 
Expt.  I  in 

•  March  1916 

Expt.  I 

Expt.  II 

Expt.  Ill 

Castor  oil       . 

lb.  oz. 

1  u 

lb.  oz. 
1     4 

lb.  oz. 
1     2 

25 

Mustard  oil   . 

1  14 

1     5 

1     2 

07 

Sesamum  oil 

1  15 

1     3 

1     3 

83 

Coconut  oil    . 

?.     0 

1     2 

1     1 

64 

ZIoJnva  oil     . 

2     0 

1     3 

1     2 

77 

Groundnut  oil 

1  15 

1     0 

1     1 

84 

Linseed  oil    . 

(spoilt) 

1     1 

1     2 

Camphor       . 

2    0 

1     2 

1     2 

88 

Hing    .         . 

(spoilt) 

1     5 

1     2 

Garlic  . 

1  13 

1     2 

1     0 

Lime    . 

1  13 

1     5 

Sand     . 

1  13 

1  11 

1     5 

Senwar  leaves 

1  13 

1     3 

0  15 

Tobacco  dust 

(spoilt) 

0  12 

0  14 

Sulphur 

1  13 

0  15 

1     0 

4 

Naphthaline 

1     8 

Ashes  . 

(spoilt) 

1     4 

1     2 

Dacra  stem    . 

j      (spoilt) 

Road-dust     . 

1     5 

... 

Check 

1   U 

1     3 

1     3 

^ 

The  efEect  of  the  storage  receptacles  on  grains  treated  in  the  same 
manner  and  kept  side  by  side  in  the  same  godown  is  noteworthy  in 
these  three  experiments.  Gunny  bags  and  earthen  pots  allowed  the 
oils  to  dry  and  camphor,  etc.,  to  evaporate. 

In  Experiment  I  camphor  kept  the  grains  in  the  best  and  unaffected 
condition  (Naphthaline  would  have  done  the  same  but  it  was  not  used 
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as  its  effects  were  already  known).  Next  came  coconut  oil  and  tlien 
Molnca  oil  in  which  the  weevils  apparently  could  not  breed  and  were 
found  dead.  Next  came  sesamum  oil  in  which  a  very  slight  damage 
had  been  done.  More  or  less  damage  was  done  in  all  the  others  and 
the  affected  grains,  except  those  with  sulphur,  were  fermenting  and 
emitted  a  foul  smell,  the  degree  of  fermentation  varying  directly  with 
the  severity  of  damage.  In  those  piarked  "  spoilt"  in  Experiment  I 
the  grains  were  black  and  rotting.  Although  the  grains  were  damaged 
more  in  the  other  two  experiments  none  of  them  fermented  or  emitted 
any  foul  smell.  This  is  a  peculiarity  of  attack  by  weevils  (Calandra 
oryzcB)  in  closed  receptacles.  They  generate  moisture  and  heat  which 
cause  the  grains  to  ferment  and  rot.  In  some  parts  of  the  country 
people  feel  the  sides  of  the  storage  vessels  and,  if  they  feel  hot,  it  is 
taken  as  a  sure  indication  of  bad  weevil  attack.  Rhizopertha  dominica 
has  not  been  observed  to  behave  in  this  manner  even  when  causing 
much  severer  damage  in  similar  receptacles. 

As  regards  the  look  of  the  grain,  camphor  came  first  and  next  to  it 
sulphur.     The  oils  made  the  grains  very  unsightly. 

Lime  and  ashes  seemed  to  have  an  injurious  effect  on  the  grains, 
apart  from  damage  by  weevils. 

In  Experiment  I  the  wheat  was  placed  on  10th  Jime  1915.  By  the 
15th  June  many  weevils  were  observed  to  have  come  up  to  the  top  of 
the  sand.  They  could  not  go  down  through  the  sand  and  were  dying 
(Plate  122,  fig.  2).  On  7th  March  1916  more  than  1,800  weevils  were 
dead  on  the  top  of  the  sand.  The  wheat,  however,  was  not  unaffected 
and  its  lower  part  fermented. 

All  the  samples  in  Experiments  II  and  III  were  damaged,  but  that 
under  sand  in  the  earthen  pot  (Experiment  II)  kept  the  best.  The- 
sand  had  settled  down,  exposing  much  of  the  grains  at  the  top,  and 
thus  enabling  the  weevils  to  infect  them. 

The  damage  in  these  three  experiments  was  due  to  Calandra  oryzw^ 
There  were  many  Tenebroides  vuniritanicvs  grubs  in  the  sample  treated 
with  groundnut  oil  in  Experiment  II  and  in  all  the  samples  of  Experi- 
ment III. 

The  germination  tests  were  made  in  all/  the  experiments  on  sand 
placed  in  glass  dishes  to  the  depth  of  about  an  inch  or  so  and  kept  wet. 
This  gave  better  and  more  uniform  results  than  wet  blotting-paper. 

Experiment  IV. 
One  pound  of  wheat,  Pusa  No.  6,  was  stored  in  stoppered  glass  jars 
(Plate  111,  fig.  3)  on  20th  May  1916,  mixed  with  the  following  things, 
and  20  Calandra  oryzw  weevils  put  in. 

VOL.  I  X 
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The  first  examination  was  made  on  the  27th  November  1916  when 
the  juar  seeds,  etc.,  were  picked  out  and  the  wheat  cleaned  and  stored 
without  these  seeds,  etc.  Blown  salt  was  prepared  by  thoroughly- 
baking  common  salt  over  a  fire.     Murhi  is  fried  rice. 


Stored  with 

Weight  on 
27th      No- 
vember 1916 

Weight  on 

22nd  March 

1917 

Remakes 

Juar  seed 

lb.     oz. 
0     15} 

lb.     oz. 
0     15 

Blown  salt 

0     Ui 

0     13J 

Murhi 

0     14i 

Nim  leaves         ...... 

0     14i 

0    13i 

(Check) 

0     Hi 

0     13| 

The  salt  moistened  the 
Juar  seeds  and  Murhi 


All  were  damaged  by  Rhizopertha  dominica. 
grains  and  caused  them  to  ferment  and  rot. 
also  were  bored. 

Experiment  V. 

Four  pounds  of  Pusa  No.  6  wheat  were  stored  in  earthen  vessels 
mixed  with  the  following  on  20th  May  1916.  Two  examinations  were 
made  and  the  weights  taken  after  sieving  out  the  dirt  and  insects  as 
far  as  possible,  but  with  the  juar  seeds,  etc.,  mixed  with  the  grains. 


Serial 
No. 

Stored  with 

Weight  on 
26th  No- 
vember 1916 

Weight  on 

14th  March 

1917 

Eemabes 

■ 

J«ar  seeds,  1  lb.       . 

lb.    oz. 
5    5i 

lb.    oz. 
2     8 

Cover  of  vessels 
plastered  up 
with  mud. 

2 

Blown  salt      .... 

3  13 

1   12 

Ditto. 

3 

Murhi 

3  10 

1   11 

Ditto. 

4 

Mm  leaves      .... 

2     9 

1     0 

Ditto. 

5 

(Check)            .... 

4    U 

1   15 

6 

Fumigated  with    C    Sj  for  48 
hours. 

3    7 

1     8 

Cover  of  vessels 
kept  loose. 

7 

Blown  salt       .... 

3  1U 

1     8 

Ditto. 
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On  26tli  November  1916  the  damage  in  the  samples  2,  3  and  4  was 
■due  to  Rhizoperlha  dominica,  and  in  the  others  to  Calandra  oryzce.  On 
the  14th  March  1917  Rkizopertha  was  helped  by  Calandra  in  samples 
"2,  3  and  4  and  in  the  others  Calandra  did  the  work.  There  were  some 
Tribolium  castaneiim,  LcemopJiloeus  pusillus  and  Tenebroides  maurilanicus 
grubs  and  beetles  in  all.  The  salt  moistened  the  grains  and  caused  them 
to  rot. 


Experiment  VI. 

Four  pounds  of  wheat,  Pusa  No.  6,  were  stored  on  20th  May  1916 
in  gunny  bags  mixed  with  the  following  and  were  examined  on  two 
occasions  when  weights  were  taken  after  sieving  out  the  dirt  and  insects 
but  not  the  juar  seeds,  etc. 


Weight  on 
26th  No- 
vember 1916 


Weight  on 

14th  March 

1917 


Juar  seeds,  J  lb. 

Blown  salt,  2  oz. 

Marhi        .... 

yim  leaves 

Fumigated  with  CS.,  for  43  hours 

<Check)      .  .     "    . 

.(Check)      .... 


1     1 
1     0 


All  damaged  by  Calandra  oryzce.  There  were  some  Tribolium  casta- 
neum  and  Tenebroides  maurilanicus  grubs  and  beetles  in  all. 

On  the  26th  November  1916  in  each  of  these  bags  there  were  about 
70  to  130  Tenebroides  mauri'ani"m  grubs.  These  grubs  would  not 
attain  the  adult  stage  until  the  next  hot  weather.  The  grubs  were 
feeding  on  grains  and  also  on  the  dust  produced  by  Calandra  oryzce. 
It  is  apparent  that  Tenebroides  mauritanicus  can  be  of  hardly  any  help 
against  the  other  store  pe.sts  as  by  the  time  the  beetles  (which  to  some 
extent  prey  upon  adult  Calandra  oryzce)  would  appear  there  would  be 
nothing  left  of  the  grains. 


Experiment  yil. 

A. — Twenty-five  pounds  of  wheat  were  stored  between  14th  and 
15th  May  1916  in  earthen  vessels  with  earthen  covers  (Plate  111,  fig.  3) 
and  examined  on  two  occasions  and  weighed  after  sieving  out  the  dirt 
.and  insects  as  much  as  possible,  but  with  eaten  grains  or  corroded  shells. 

x2 
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The  grains  were  smeared  witli'the  oils.  Camphor  and  naphthaline 
were  placed  inside  the  grain.  Sand.  etc..  wa"fe  placed  on  the  top  of  the 
grain.  The  mouth  of  the  vessel  was  plugged  with  cotton  wool.  Carbon 
bisulphide  was  placed  inside  the  vessel  and  the  cover  pla-stered  up  at 
once.  In  No.  11  the  grains  were  sunned  for  three  days,  then  placed 
while  hot  in  the  vessel  which  was  plastered  up. 

The  weights  give  an  idea  of  the  damage.  In  the  germination 
columns  no  test  was  made  for  samples  left  blank. 

B.— In  the  first  week  of  May  1916  220  pounds  wheat,  Pusa  No.  6,. 
obtained  from  the  Pusa  Farm,  were  stored  in  10  earthen  vessels.  Iiv 
the  midst  of  the  grain  in  each  vessel  J  oz.  of  camphor  cakes  ^vrapped 
in  a  piece  of  muslin  was  placed.  The  mouth  of  five  of  the  vessels  was 
plugged  with  cotton  wool  which  formed  a  compressed  padding  about 
1  to  II  inches  thick  over  which  a  tliick  plaster.  1|  to  2  inches  of  mud, 
was  placed.  The  mud  dried  and  made  a  hard  solid  cover.  The  mouth 
of  the  other  five  vessels  was  covered  with  the  ordinary  earthenware 
cover  (Plate  111,  fig.  3),  which  was  very  carefully  plastered  down 
with  mud. 

180  lb.  of  the  same  wheat  were  stored  in  five  kerosine  tins  similarly 
with  camphor  cakes,  the  openings  of  the  tins  being  plugged  with  cotton 
wool  and  plastered  with  mud. 

The  kerosine  tins  were  opened  in  July-August  and  the  grains  in 
tliem  were  observed  to  be  afiected  by  Rhizopertha  dominica  in  company 
with  TriboUum  casteneum.  The  last  tin,  opened  on  the  7th  August 
1916,  had  the  grain  in  the  top  four  inches  badly  damaged  by  the  above 
insects,  the  grains  below  being  safe. 

The  ten  earthen  vessels  were  opened  on  the  8th  September  1916. 
The  entire  grain  was  spoilt  by  the  same  two  insects.  There  were  millions 
of  them  and  their  grubs  and  pupcE.  Much  of  the  grain  was  reduced 
to  a  flour-like  dust  and  the  whole  mass  had  a  very  disagreeable  nauseating 
smell  due  to  Tribolium.  The  dust  being  sieved  out  weighed  more 
than  40  lb.  and  the  grains  about  170  lb.  Most  of  the  grains  were 
bored  and  had  insects  in  them  and  it  was  estimated  that  the  atta  fi-om 
them  would  not  be  more  than  about  one-third  this  weight.  The  atta, 
however,  would  be  quite  unusable. 

The  insects  bored  through  the  mud  plasters. 

C. — Pusa  No.  6  wheat  was  harvested  and  stored  in  April  1915  in' 
kerosine  tins  in  a  private  house  with  camphor  cakes,  the  small  holes  of 
the  tins  being  tightly  plugged  with  cloth. 

A  tin  was  opened  in  September  1917.  The  seeds  were  free  and  the 
peicentage  of  germination  obtained  in  October  1917  was  95. 
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Experiment  VIII. 

25  lb.  wheat,  Black-a\vn,  were  put  in  each  of  five  earthen  vessels 
with  20  live  Calandra  oryzce  weevils  on  the  15th  May  1916  and  the  covers 
plastered  up  with  mud. 


On  6th  Decembek  1916 

Agents  of  damage 

Serial 
No. 

Weight 
after 

Weight 
after 

Remarks. 

sieving  out 
dust 

'ZTch^B^ 

lb.     oz. 

lb.     oz. 

' 

i 

17     6 

C.  oryzce  with  some  E.  dominica 

2 

18     0 

Ditto. 

3 

6     2 

3     8 

i 

E.  dominica  with  a  few  C.  oryzce  J 

andT.  co.s/oHf«m.                      I 

4 

7     2 

4     8 

Ditto. 

5 

22     0 

C.  oryzcB  with  some  B.  dominica 

Vessel  broke  and 
changed     10th 
August  1916. 

On  6th  December  1916  (3)  and  (4)  were  rejected  and  24  naphthaline 
balls  (2|  oz.)  put  in  (1),  9  camphor  cakes  (1  oz.)  put  in  (2),  and  half 
an  ounce  carbon  bi.sulphide  put  in  (5),  all  being  plastered  up  M'ith  mud 


On  14th  December  1916  all  insects  were  Kving  in  (1)  and  (2)  ;  some 
were  dead  and  most  living  in  (5).  On  this  date  J  oz.  more  of  CS,  was 
put  m  (5)  and  all  the  three  plastered  up  and  left. 

On  7th  March  1917  all  were  further  damaged  by  Calandra  onjzce.  a 
few  Lcemo-phlceus  pusillus  being  present.  The  weights  after  sie^-ing 
out  the  dust  were  a.?  follows  on  this  date. 


In- 


(1)  15  lb.  3  oz. 

(2)  15  lb.  10  oz. 
(5)  19  lb.  4  oz. 


742  PROCEEDINGS    OF    THE   THIRD    ENTOilOLOGICAL    MEETING 

Experiment  IX. 

On  13tli  May  1916,  160  lb.  wheat  were  placed  in  each  gunny  bag 
and  the  grain  treated  as  follows.  The  results  of  examination  and  weights 
after  sieving  out  the  dust  are  given  in  the  same  statement. 


Serial 
Ko. 

Variety  of 
wheat 

Treatment 

WeiKht  on 
15th  De- 
cember 1916 

Weight  on 
12th-13th 
March  1917 

EEMAKK3 

lbs.    02. 

lbs.   oz. 

1 

Pusa  No.  6 

Castor    oil,    4     lb.    by 
weight. 

IGO    8 

136     6 

2 

DO. 

Mustard  oil,  4  lb. 

153  14 

136  10 

3 

Do. 

Sesamumoil.41b. 

153  14 

128     0 

4 

Do. 

Coconut  oil,  3  lb.    . 

156     4 

122     0 

s 

Black-a™ 

Mohwa  oil,  2  lb.     . 

160     6 

142  12 

6 

Pusa  No  6 

Groundnut  oil,  4  lb. 

151     0 

132  10 

7 

Do. 

Camphor,  300  grains       . 

140  10 

119  14 

Grain    attacked    and 
dust     thrown      out 
21st  June  1916. 

8 

Do.           ,. 

Naphthaline,  J  lb. 

137     6 

114     0 

Do. 

9 

Do. 

(Check) 

146  10 

113     0 

Do. 

10 

Do. 

(Check) 

133  14 

Do. 

The  grain  was  smeared  with  the  oils.  The  camphor  cakes  and 
naphthaline  balls  were  placed  in  two  bundles  in  the  midst  of  the  grain 
near  opposite  ends  of  the  bags. 

The  grain  in  the  external  layers  was  attacked  first  and  the  insects 
gradually  proceeded  inwards.  By  15th  December  1916  the  camphor  had 
evaporated  wholly.  The  naphthaline  balls  remained  till  the  end.  Their 
smell  did  not  apparently  spread  through  the  grains.  The  grains  round 
the  naphthaline  balls  and  round  the  camphor  as  long  as  it  lasted  were 
not  attacked.     The  oils  retarded  the  attack. 

The  agents  of  damage  were  Calandra  oryzw  and  some  Lcemophlceus 
pusillus.  Triholium  castaneum  and  Tenebroides  mauritanicus  appeared 
in  all  the  bags. 


Experiment  X. 

To  determine  if  possible  the  relative  immunity  of  hard  and  soft 
wheats  this  experiment  was  undertaken.  The  results  are  not  conclusive. 
Also  a  good  series  of  soft  and  hard  wheats  was  not  available.  In  the 
samples  used  Black-awn  was  harder  than  the  others. 
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A.— Pusa  No.  4,  1  lb.  in  stoppered  glass  jar  :— 

20  live  weevils  put  in. 

Wt.  =  1  lb.  40  grains  ;  not  affected. 
All  the  20  weevils  dead  ;  picked  out. 

Not  affected. 

Wheat  unaffected  ;  20  weevils  put  in. 

837  weevils  picked  out. 

2,100  weevils  picked  out.  Grains  decomposed  and 
emitting  a  bad  smell,  altogether  unfit  for  use.  AVeight 
left  after  sieving  and  drying  =  13i  oz. 

In  10  months  15th  March  to  21st  January  the  weevils   multiplied  41    times  and  in 
=about  20  months  from  15th  March  1917  to  7th  November  1918  about  147  times. 


15th  May  1916 
6th  July  1916 

4th  December  1916 
15th  March  1917  . 
21st  January  1918 
7th  November  1918 


B,_Puga  No.  6,  1  lb.  in  stoppered  glass  jar  :- 

15th  May  1916 
6th  July  1916 


4th  December  1916 
15th  March  1917  . 
22nd  January  1918 

7th  November  1918 


20  live  weevils  put  m. 

Unaffected.     All  the  20  weevils  picked  out  dead. 
Weight  of  grains=  1  lb.  20  grains. 

Unaffected. 

Unaffected  ;  20  weevils  put  in. 

1,389  weevils  picked  out.  Benzine  was  applied  to 
stupefy  the  weevils. 

28  weevils  picked  out. 

Weight  after  sieving,  14i  oz.  The  grains  in  good  condi- 
tion except  that  they  are  bored.  They  are  not 
decomposed  and  do  not  emit  any  smell.     Can  be  used. 


In  about  10  months,  from  15th  March  to  22nd  January  191 
■about  69  times. 


the  weevils  multiplied 


C— Pusa  No.  12,  1 
15th  May  1916 
6th  July  1916 


4th  December  1916 


in  stoppered  glass  jar  : — 

20  live  weevils  put  in. 

19  dead  weevils  picked  out,  4  live  ones  present,   evidently 

3  bred  out   from    the    grains.     The  4  living  ones  left 

with  the  wheat.     Weight  of   wheat  left=l  lb.  less  40 

grains. 
The  wheat  is  affected.     40  grains  dust  thrown  out.     481 

weevils  picked  out,  of  which  195  were  dead. 
Weight  of  wheat  after  sieving  15J  oz. 
240  weevils  picked  out. 
1,257  weevils  picked  out. 
Weight  of  wheat  after  sieving  and  partly  drying  13i  oz. 

The  grains  decomposing  and  emitting  a  bad  smell. 

Altogether  unfit  for  use.     To-day   only   41    weevili 

found  in  it. 

In  about  7  months,  from  loth  May  to  4th  December  1916,  the  weevils  multiplied 
about  24  times. 

In  10  months,  from  15th  May  1910  to  15th  March  1917,  they  multiplied  about  36 
times. 

In  20  months,  from  15th  May  1916  to  22nd  January  1918,  they  multiplied  about  99 
times. 


15th  March  1917 


92nd  January  1918 
7th  November  1918 
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Pusa  No.  106,  1  lb.  in  stoppered  glass  jar  :— 
20  live  weevils  put  in. 
Unaffected  ;  20  dead  weevils  picked  out. 


15th  May  1916 
6th  July  1916 
4th  December  1916 
15th  March  1917  . 
22nd  January  191S 

8th  November  1918 


In  about  10  months,  from 
plied  about  24  times. 

E.— Black-awn,  1  lb, 
loth  May  1916 
6th  July  1916 

4th  December  1916 
15th  March  1917  . 
22nd  January  1918 
7th  November  1918 


18th  February  1919 


In  about  10  months,  from 
plied  about  49  times. 


Unaffected. 

Unaffected  ;  20  weevils  put  in. 

484  weevils  picked  out.     Benzine  had  been  applied  tcv 

stupefy  the  weevils. 
58  weevils  picked  out.     Weight  left=  1   lb.     Grains  in 

good  condition  except  that  they  are  bored.     They  are 

not  decomposed  and  do  not  emit  any  smell.     Can  be 

used. 
15th   March  1917  to  22nd  January  1918,  the  weevils  multi- 


in  stoppered  glass  jar  : — 

20  live  weevils  put  in. 

Wheat  unaffected,  19  dead  weevils  picked  out  and  1  not 

traceable. 
Unaffected. 

Unaffected  ;  20  weevils  put  in. 
Affected  ;  984  weevils  picked  out. 
36  weevils  picked  out. 
Grains  are  in  good  condition  except  that  they  are  bored. 

Not  at  all  decomposed   and  do  not  emit  any  smell. 

Can  be  used.     Weight  after  sieving  15  J  oz. 
No  weevil   found.     The   above   pickings   cleared  them 

off    and  apparently    there  were  none  left  to  breed. 

Benzine  had  been  applied  at  the  time  of  the   above 

pickings  to  stupefy  £he  weevils. 
15th  March  1917  to  22nd  January  1918,  the  weevils  multi- 


This  experiment  wa 
dried,  were  more  liable 
A.— Pusa  No.  6  :— 
13th-14th  May  1916 


15th  May  1916 
6th  July  1916 

15th  March  1917  . 
21st  January  1918 
5th  May  1918 


8th  November  1918 
18th  February  1919 


Experiment  XI. 
i  undertaken  to  see  if  the  grains,  when  artificially 
to  be  attacked  by  insects. 


1  lb.  dried  down  to  0°  moisture.     Weight  reduced  to 

14  oz.  165  grains.      14  oz.  kept  in  stoppered  jar  which 

is  occasionally  opened,  thus  allowing  the  grains  ta 

absorb  moisture  from  the  atmosphere. 
20  weevils  put  in. 
Unaffected  ;  all  the  20  weevils  picked  out  dead.     Weight 

14  oz.  100  grains.     Grains  spread  out  for  1  hour  after 

which  weight=14  oz.  200  grains. 
Unaffected;  20  weevils  put  in. 
Unaffected  ;  20  dead  weevils  picked  out. 
Unaffected.     Weight  14J  oz.     Left  spread  out  exposed 

till  morning  of  6th  May   1918    when  weight=15  oz. 

Put  back  in  the  stoppered  jar  with  40  weevils. 
Unaffected  ;  37  weevils  dead. 
Unaffected.     All    weevils    dead.     Weight    15    oz.     The 

germinating  power  of  the  grains  was  lost. 
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B.— Black-awn  :- 
13th-14th  May  1916 


ISth  May  1916  . 
6th  July  1916 

15th  March  1917  . 
22nd  January  1918 
5th  May  19  IS 

7th  November  1918 
18th  February  1919 


1  lb.  dried  to  0"  moisture. 
Weight  reduced  to   14  oz.     171   grains;   14  oz.  kept. in 

stoppered  jar,  occasionally  opened,  thus  allowing  the 

grains  to  absorb  moisture  from  atmosphere. 
20  weevils  put  in. 
Weight  14  oz.  160  grains.     Unaffected.     All  the  weevils 

dead.     Wheat    spread   out   for    1    hour   after    which 

weight=  14  oz.  200  grains. 
Wheat  unaffected.     20  weevils  put  in. 
Wheat  unaffected,  the  20  weevils  dead. 
Unaffected.    Weight  15  oz.  less  170  grains.     Left  exposed 

till  morning  of  6th  May   1918  when  weight   =15  oz. 

Put  back  in  stoppered  jar  with  40  weevils. 
Unaffected,  38  weevils  picked  out  dead. 
Unaffected.     All  weevils  dead,  weight  ISJ  oz. 
The  germinating  power  of  the  grains  was  lost. 


C— Pusa  No.  6  ;  1  lb.  1  oz.  dried  in  tlie  sun  for  full  three  days, 
reduced  to  about  1  lb.  |  oz.  : — 


Weight 


12th- 14th  May  1916 


15th  May  1916 
6th  July  1916 


15th  March  1917    . 
21st  January  1918 
6th  May  1918 
7th  November  1918 


stoppered  jar  which  is  opened  occa- 
the  grains  to  absorb  moisture  from 


1  lb.  of  this  kept  i 

sionally  to  allov 

the  atmosphere. 
20  weevils  put  in. 
Weight=  1  lb.  155  grains. 
Wheat  unaffected  ;  the  20  weevils  dead. 
The  wheat  exposed  to  ordinary  atmosphere  as  long  as 

it  took  to  pick  out  the  weevils   and  then  put  back  in 

the  stoppered  jar. 
Unaffected  ;  20  weevils  put  in. 
Unaffected  ;  20  weevils  dead. 
Unaffected  ;  40  weevils  put  in. 
Weight    1   lb.   i  oz.  ;  slightly   damaged ;   414  weevils 

picked  out. 
92  per  cent,  of  the  grains  germinated  when  tested  in  December  1916. 

D. — Black-awn  : — 

12-14th  May  1916 


15th  May  1916 
6th  July  1916 


15th  March  1917    . 
22nd  January  1918 
6th  May  1918 
7th  November  1918 

18th  February  1919 
Cent,  per  cent,  seeds 


.  1  lb.  1  oz.  dried  in  the  sun  for  full  three  days.  Weight 
reduced  to  about  1  lb.  |  oz.  One  pound  of  this  kept 
in  stoppered  jar  which  is  opened  occasionally  to  allow 
the  grains  to  absorb  moisture  from  atmosphere. 

.     20  weevils  put  in. 

.  Unaffected.  Weight=l  lb.  115  grains.  All  the  20 
weevils  dead.  The  wheat  was  spread  out  to  pick  the 
weevils  and  remained  exposed  as  long  as  it  took  to 
pick  out  the  weevils. 

.     Unaffected;  20  weevils  put  in. 

.     Unaffected  ;  20  weevils  dead. 

.     Unaffected  ;  40  weevils  put  in. 

.     Unaffected  ;  38  weevils  dead. 
Weights  lib.  J  oz. 

.     Unaffected, 
germinated  when  tested  in  December  1916. 
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Experiment  XII. 
To  see  if  grains  sealed  with  carbon  bisulphide  lose  their  germinating 
power  two  varieties  of  wheat,  viz.,    Pusa  No.  6  and    Black-awn,   were 
used  and  kept  in  stoppered  glass  jars  which  were    further  sealed  with 
parafl&n  wax. 

20th  May  1916       .         .     1.  Black-awn,  1  lb.  sealed  with  CSo. 

2.  Pusa  No.  6,  1  lb.  sealed  with  CS^. 

3.  Blaok-awn,  1  lb.  sealed  without  CS,. 

4.  Pusa  No.  6,  1  lb.  sealed  without  CS^. 

28th  November  1916  .  All  the  jars  opened  and  the  grains  aired  and  sunned. 
There  was  profuse  smell  of  CS,  in  the  jars  treated 
with  it.  100  seeds  of  each  were"  set  out  for  germina- 
tion. In  (1)  and  (2)  none  germinated.  All  germinated 
in  (3)  and  88  in  (4). 


Experiment  XIII. 
It  will  have  been  observed  ia  the  foregoing  experiments  that  in 
many  cases  there  was  an  iacrease  ia  the  weight  of  the  grains  stored 
■when  they  were  not  damaged  by  insects.  This  was  due  to  the  variations 
of  moisture  in  the  atmosphere.  Unless  the  vessels  are  airtight  or 
rather  impervious  to  air  the  grains  absorb  moisture.  In  this  experiment 
all  the  grains  were  stored  with  naphthaline,  two  of  them  being  ia 
air-tight  glass  stoppered  jars  and  the  rest  ia  glass  dishes  with  loose 
covers  which  would  allow  air  but  no  iasects  to  get  in.  (See  Table  oa 
page  747.) 

Experiment  XIV. 
Germination  had  not  so  far  been  satisfactory  in  the  case  of  wheat 
stored  xinder  sand.  In  order  to  ascertain  definitely  whether  sand  itself 
had  any  injurious  effect  this  experiment  was  made  with  the  variety  of 
wheat  known  as  Black-awn,  8,000  lbs.  of  which  was  obtained  from  the 
Pusa  Farm  in  April  1917  for  carrying  on  the  next  experiment.  After 
being  harvested  the  wheat  had  lain  in  the  Farm  godown  for  a  few  days 
when  apparently  it  became  infected,  as  will  appear  from  the  records 
of  the  experiment.  At  the  time  of  storing  TriboUum  caslaneum 
beetles  could  be  observed  in  the  wheat.  But  no  attempts  were  made 
to  clean  or  fumigate  the  grain  as  the  aim  was  to  determine  the  effect 
of  sand  both  in  this  and  the  next  experiments.  On  4th  Ajjril  1917, 
before  starting  the  experiments,  two  lots  of  100  wheat  grains  each  were 
placed  for  germination  and  within  a  week  93  germinated  in  one  lot  and 
85  in  the  other.  For  this  experiment '  six  pounds  of  wheat  were  placed 
ia  three  glass  stoppered  jars  (Plate  122,  fig.  2),  2  lbs.  ia  each  on  1st 
May  1917. 
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(1)  This  was  left  as  a  check. 

7th  Januarj'  1918  .  .     490  Tribolium  castaneitm  and  980  Culandra  on/zce  adults 

were  picked  out.  Benzine  was  put  inside  the  jar  to 
stupefy  the  insects  and  then  the  grains  were  aired  and 
put  back.     The  grains  weighed  1  lb.  1.5}  oz. 

8th  November  1918  .     4,315  Calandra  oryzce  and  17  Tribolium  caslaneum  adults 

were  picked  out  after  being  stupefied  with  benzine  as 
before.  Many  grains  were  bored  ;  otherwise  the  wheat 
was  in  good  condition. 

(2)  In  the  second  jar  the  wheat  was  covered   with  a  layer  of  about 
7  inches  of  dry  fine  sand — 

4th  June  1917         .  .        Tribolium  and  Cn/a/if/ra  adults  came  up  to  the  top  of 

the  sand. 

7th  January  1918  .  -  .  On  the  top  of  the  sand  there  were  651  dead  and  4  living 
Tribolium  and  18  dead  Calandra  adults.  In  the 
sand  and  wheat  there  were  41  dead  Tribolium  and  4 
dead  Calandra  adults.  Plate  122,  fig.  2,  gives  the  photo- 
graph of  this  jar.  The  wheat  was  unaffected,  though 
a  few  grains  were  bored,  and  weighed  2  lb.  The 
sand  was  thrown  out  and  the  wheat  kept  in  the  jar 
without  sand. 

Sth  November  1918  .  Wheat  unaffected.  There  were  4  dead  Tribolium  and  1 
dead  Calandra  adults. 

(3)  The  wheat  was  kept  under  sand  ag  in  (2),  but  this  sand  was 
sterilized  by  being  heated  over  a  fire  and  cooled  before  use — 

14th  June  1917       .  .     Calandra  and    Tribolium  adults  came  up  to  the  top  of 

the  sand. 
7th  January  1918  .         .     On  the  top  of  the  sand  there  were  457  dead  Calandra 
and  2  dead  Tribolium  adults.     From  the  sand  and 
wheat  were  picked  out  35  living  and  1  dead  Tribolium 
and  85  living  Calandra  adults.     The  wheat  weighed 
2  lb.  and  was  unaffected,  though  some    grains    were 
bored.     The  wheat  kept  without  sand. 
Sth  November  1918         .      1,936  Calandra  adults  present  in  the  wheat  which  was 
distinctly  affected  and  weighed  1  lb.  14  oz. 
The  percentage  of  seeds  which  germinated   within  a  week  in  January  1918  was  90  in 
■(1),  93  in  (2),  and  87    in  (3).     The  sand  itself  has  no  injurious  effect  on  germination.     Tliis 
was  further  corroborated  in  the  next  experiment.     The  percentage  of  germination  of 
seeds  in  (1),  after  they  were  benzined,  was  88. 

Experiment  XV. 

In  the  previous  experiments  it  was  observed  that  Rhizopertha  dominica 
was  ehminated  if  closed  receptacles  were  not  used.  This  experiment 
was  made  to  give  extended  trials  to  sand  and  to  see  if  free  air  and  light 
{also  Sun)  had  any  retarding  effect  on  Calandra  onjzce.  The  entire 
experiment  was  started  in  April  1917  with  the  Black-awn  variety  of 
wheat  obtained  fi-om  the  Pusa  Farm.  As  observed  in  Experiment  XIV 
the  wheat  was  already  affected  before  storage.  The  details  of  the 
experiment  are  given  in  the  Statement  below. 
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I 

jit 

te;            fe                               A                     « 

Percentage 
of  seeds 
germi- 
nated 
within 
a  week  of 
being  set 
in  January 
1918 

1 

It 

^ 

1      o       1  a^s^^&a&s^s 

Weight 

between 

0-^12-1-18 

after 
sieving 
out  dust 

lbs.     oz. 
25     4 

25     0 

23     0 

23     8 

17  0 

18  12 
17     4 
17  12 

27  10 
130  14 
134  14 
125     8 
143     4 

Weight 

stored  in 

April 

1917  in 

lb. 

s       ^1         s  ^s^,?,?,s^§||i 

Treatment 

Cover  of   pot  loose  ; 
wheat  covered  with 
fine  sand. 

Cover  of   pot  loose  ; 
wheat  covered  witli 
fine  sand.     A  piece 
ofcloth  below  sand. 

Untreated;   cover 
loose. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

The     wheat     mixed 
with    00    lbs.    dry 
fine  sand. 

i 
1 

!                    is 
s  1 

Where  stored 

1 

1      (5       f^  aaa^a^&a^^^ 

Serial 
No. 

«      ^«co.«c=o-^«3 
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i 

i 

A     quan- 
tity   was 
stolen  in 
Decem- 
ber 1917. 

III 

23 

.     2.5 

Unable  to 
deter- 
mine, bul 
loss  was 
slight. 

Percentage 
of  seeds 
germi- 
nated 
within 
a  week  of 
being  set 
in  January 
1918 

79 
80 

81 

II 

C.  oryzoe  . 

Free  . 
Do. 

Do. 

Weight 

between 

6—12—1—18 

after 
sieving 
out  dust 

11)S.     oz. 

123    0 

799    0 
801     0 

468     2 
4,680     4 

Weight 
stored  in 

April 

1917  in 

lb. 

160 

800 
800 

480 
4,800 

1 
1 

1 

Untreated       . 

The  wheat  covered 
with  a  layer  of  fine 
sand. 

The  wheat  covered 
with  a  layer  of  fine 
sand  with  a  piece  of 
cloth  spread  below 
sand. 

Untreated 

Do. 

t 

Pi 

Earthen  pot      . 

Iron  bin  . 
Do.       . 

Straw         Fvra 
(Plato         114, 
fig.  3). 

Straw        mm-ai 
(Plate         110, 
fig.  2). 

i 
2 

In  Insectary 
verandah  ex- 
posed to  free 
air,  light  and 
morning  and 
evening  sun. 

Inside  godown 

Do. 

In  Insectary 
verandah  ex- 
posed to  free 
air,  light  and 
morning  and 
evening  sun. 

In  open  air 

« 

S                 2^2                2 
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The  statement  is  sufficiently  self-explanatory. 

In  No.  18,  i.e.,  the  straw  pura  (Plate  114,  fig.  3),  the  places  where 
the  grain  was  affected  are  the  two  ends  indicated  by  dots  in  Plate  118, 
fig.  1.  The  ends  of  the  longitudinally  arranged  Straw  making  up  the 
lining  inside  converge  at  the  ends  but  leave  enough  openings  for  the 
insects  to  creep  in.  Out  of  468  lb.  2  oz.  left  in  January  1918  about  117 
lb.  was  fairly  damaged  (1  grain  in  about  8  bored)  and  the  rest  was  good. 

In  No.  19,  i.e.,  in  the  straw  morai  (Plate  116),  the  places  where  the 
grain  was  affected  in  the  column  of  the  wheat  (the  column  was  about 
5  feet  high,  5  feet  in  diameter  at  the  top  and  4J  feet  in  diameter  at  the 
base)  are  indicated  by  dots  inPlate  118,  fig.  1.  At  the  top  the  infection 
spread  up  to  a  layer  of  about  one  inch  all  round  and  at  the  bottom  to 
a  depth  of  about  two  inches.  Of  the  total  weight  obtained  in  January 
1918,  about  320  lb.  was  sHghtly  damaged  (about  1  grain  bored  in  every  8) 
and  in  about  100  lb.  one  grain  in  every  4  was  bored.  The  rest  was  good. 
It  should  be  mentioned  here  that  in  September  1917  about  320  lb.  of 
affected  wheat  was  cleaned  in  the  Insectary  compound  at  a  distance 
of  about  50  yards  from  the  mwai.  Millions  of  weevils  spread  all  round 
and  many  reached  the  nimai  too  over  ploughed-up  fields. 

As  noted  above,  the  agents  of  the  damage  were  Calandra  oryzoB. 
There  were,  however,  some  Tenebroides  mauritanicus,  Triboliiini 
castaneum  and  Lcemophlceus  jnmllus  grubs  and  adults  in  almost  all 
samples  kept  inside  the  godown. 

It  will  be  observed  that  free  air,  Hght  and  sun  had  no  effect  on  the 
rice  weevil.     The  sand,  of  course,  gave  the  best  result. 


Experiment  XVI. 
Fumigation  with  Nitro-benzol. 

13th  January  191S  ;  10-30  a.m.  .  In  a  wooden  fumigating-box  measuring  2'  6" 
on  all  sides  a  quantity  of  the  affected  wheat 
from  the  previous  experiment  was  placed  to 
a  depth  of  about  2  feet.  On  the  top  of  the 
wheat  was  kept  a  flat  porcelain  dish  with 
45  cc.  of  Nitro-benzol  and  the  cover  of  the 
box  put  on  and  made  air-tight  by  means  of 
water  in  the  water-chamiel. 

14th  January  1918  ;  10-30  a.m.  .  The  box  was  opened.  A  strong  smell  of  Nitro- 
benzol  was  perceptible.  Only  about  4  cc. 
01  Nitro-benzol  had  evaporated.  Within 
about  one  inch  of  the  surface  of  the  wheat 
Calandra  oryzce  and  Triboliuin  castaneum 
adults  and  Tenebroides  mauritanicus  grubs 
were  quite  active. 

At  3  p.m.  .         .         .         .     There  was  vet    sufficient  smell  of  Nitro-benzol 

present  m  the  wheat,  although  it  was  left 
quite  exposed 
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Experiment  XVII. 

The  experiments  in  storing  grain  against  insects  were  carried  on  at 
Pusa  where  Trogodenna  khapra  does  not  occur.  In  order  to  find  out  the 
eSect  of  sand  on  this  insect  this  experiment  was  made  when  materials 
were  available. 

17th  June      . 


19th  June  ;  10  a.m. 


20th  June  ; 


21st June;  8i 


22nd  June  ;  8  a.m. 
By  26th  June 


100  beetles  and  100  grubs  about  half  to    three-fourths 

grown  were  placed  in  a  glass  jar  with  sound  wheat. 
Fine  sand  was  placed  on  the  top  of  the  wheat.     Much  of 
the  sand  percolated   down  and  a  sufficient  quantity 
was  added  to  keep  the  grains  covered. 
18  grubs  and  16  beetles  were  observed  to  have  come  up 
to  the  top  of  the  sand,  where  they  were  crawling 
about,  apparently  not  being  able  to  make  their  way 
down  through  the  sand.     Eleven  of  the  beetles  were 
dead.     The  insects  are  left  on  the  top  of  the  sand. 
29  grubs  and  18  beetles  are  found  on  the  top  of  the 

sand.     All  are  left  there. 
31  grubs  and  19  beetles  on  the  top  of  the  sand. 
58  grubs  came  up  to  the  top  of  the  sand.     No  more  of 
the  beetles  came  up,  as  they  were  dead. 
It  will  be  evident  from  this  experiment  that  sand  will  prove  as  effective  a  check 
upon  this  pest  as  upon  the  other  pests  with  which  the  experiments  carried  on  at  Pusa 
were  concerned. 

Experiments  with  rice  (husked). 
Experiment  XVIII. 
A  parallel  series  of  preliminary  experiments  was  made  with  usna 
rice  (rice  prepared  after  boiUng  the  unhusked  paddy  grains  which  are 
then  dried  and  husked)  in  small  earthen  pots  with  loose  covers  (Plate 
111,  fig.  3)  and  small  gunny  bags  in  the  same  manner  and  at  the  same 
place  as  wheat  in  Experiments  I  to  III.  Two  pounds  of  rice  was  used 
in  each  recej^tacle.  They  were  stored  between  15th  June  and  1st  July 
1915  and  the  final  examination  was  made  on  20th  March  1916,  the 
weights  left  on  which  date,  after  sieving  out  the  dust,  are  shown  in 
the  table  below.  The  damage  was  done  by  Calandra  orijzcB  and  there 
were  Tenehroides  mauritanicus,  Tribolium  castaneiun  and  Lwmophloeus 
pusiUus  in  almost  all. 


Serial 

No. 

Treatment 

In  earthen 
pots 

In  gunny 
bags-- 

1 

Castor  oU 

Mustard  oil 

Sesamumoil 

lb.     oz. 
1     14 

1     10 

1     12 

Ib.     oz. 
1     11 

1     12 

1     12 
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Serial 
No. 

Treatment 

In  earthen 
pots 

In  gunny 
bags 

4 

Coconut  oil        ......          . 

lbs.    02. 
1     10 

lbs.    vz. 
1       0 

5 

3Iohwa  oi\ 

1       8 

1     12 

6 

Groundnut  oil 

1     10 

1     12 

7 

Linseed  oU 

1     11 

1     11 

8 

Camphor 

2      0 

1       8 

9 

Hhig 

1     12 

1     10 

10 

Garlic  balb 

1     14 

1     12 

11 

Lime 

1     14 

1     14 

12 

Sand 

1     13 

1     10 

13 

/Serewar  leaves 

1     12 

1     10 

14 

Tobacco  dust 

0     12 

1       5 

15 

Sulphur  powder          ...... 

1       4 

1       2 

16 

(Check)    

1      11 

1     10 

17 

Naphthaline 

1     11 

18 

Husk  dust 

1      11 

1       8 

19 

Ashes 

1     13 

1 

1       7 

The  weights  left  indicate  the  damage  in  each  case.  Taking  both 
the  lots  together,  the  total  loss  in  weight  was  15-5  per  cent.  This, 
however,  does  not  indicate  the  real  damage.  When  the  eaten  shells 
were  removed  the  loss  in  weight  amounted  to  51  3  per  cent. 

A. — In  order  to  compare  the  damage  to  rice  with  that  to  wheat,  3) 
lbs.  Black-awn  wheat  was  kept  in  an  earthen  vessel  with  loose  cover 
in  the  godown  by  the  side  of  the  rice  from  April  1917  to  April  1918, 
when,  on  sieving  out  the  dust,  the  wheat  weighed  19  lb.  When  cleaned 
in  a  pestle  and  mortar  the  grains  which  were  left  and  would  be  fit  for 
making  atta  weighed  8  lb.  Therefore  there  was  an  actual  loss  of  73'3 
per  cent. 

Experiments  with  pulses. 

The  experiments  were  made  with  (1)  bora  or  barbati  seeds  {Vigna 
catjang),  (2)  Lentil  seeds  {Ervum  lens),  (3).  gram  Seeds  (Cicer  arietiniim), 
(4)  arhar  seeds  (Cajanus  indicus).  The  receptacles  used  were  earthen 
pots  and  gunny  bags  as  in  the  experiments  with  wheat  and  rice. 

y2 
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e  5  :S 


c  c  & 

.§  a-2 


H     I' 


1  »J  o  § 


=  £?:: 

o  »  o 


Damage 
per  cent. 

calculated 
from 

preceding 

11-6 

8-44 
40 

17-6 
70 
6-2 
8-9 

10-4 

Weight  left 

of  10  lbs. 
after  clean- 
ing in  pestle 
mortar  on 
3rd  May 
1918 

^;       -.       OV       ^'       O       S*      S*      3'      ^ 

§ 
1 

3  » 

is 

lb.  oz. 
22   14 

24  0 

25  4 
21     8 

154  4 

155  12 
155     4 
154  14 

1. 

ss 

lb.  oz. 
25  12 

24  5 

25  9 
24  14 

157     8 
155     8 
159     8 
157     6 

12th  Decem- 
ber 1916 

...... 

No  damage   . 

24    8 

No  damage   . 

24  12 

No  damage   . 

158     0 

No  damage    . 

1.58  14 

Weight  of 
rice  stored 

on  18th 
May  1916 

lb.  oz. 
25     0 
25     0 
25    0 
25     0 
1.59     0 
158     8 
160    0 
160    0 

i 

Mixed   with    12    oz. 
lime. 
Check    . 

Mised  with    12   oz. 
lime. 
Check     . 

Mixed   with     4    lb. 

ChSTk     . 

Mixed   with     4    lb. 
lime. 

Earthen  pot 

Do. 

Do. 

Do. 
Gnnny  bag    . 

Do. 

Do. 

Do. 

Usna 

Do.  . 
Arua      . 

Do.  . 
Usna      . 

Do.  . 
Arua      . 

Do.       . 

•3    . 
1^ 

--"----" 

PHOCEEDIXGS    OF   THE  THIRD   ENTOMOLOGIC.VL    MEETING  755 

The  seeds  were  : — 
(a)  Smeared  with  castor  oil,  mustard  oil,  sesamum  oil,  coconut  oil, 
mohwa  {Bassia  latifolia)  oil,  linseed  oil  and  groundnut  oil, 

(h)  mixed  with  lime,  sulphur  powder,  miirlii  (fried  rice)  and  blown 

salt, 
(c)  stored  with  camphor,  King  (asafoetida)  and  naphthaline, 
(c/)  covered  with  road  dust,  sand,  and  ashes, 

(e)  dipped   in   salt   solution,   soda   solution   and   lye  (solution   of 
plantain  ashes). 
None  of  the  treatments  immunized  the  seeds,  only  road-dust,  sand 
and  ashes  in  the  earthen  pots  mechanically  prevented  the  beetles  having 
access  to  the  seeds  which  thus  escaped  damage. 

The  oils  retarded  the  attack.  As  long  as  the  seeds  remained  moist 
with  oil  they  esqaped,  but  were  attacked  when  the  oils  dried.  The 
seeds  were  stored  in  May  1916.  By  July  1916  those  not  .smeared  with 
oil  were  attacked,'the  oiled  ones  not  being  attacked  until  about  October 
1916. 

The  affected  seeds  Soon  turned  black  and  became  unfit  for  use.  The 
seeds  rmder  sand  kept  their  natural  colour  and  appearance  even  after 
about  two  and  a  half  years  (26th  October  1918).  Those  under  ashes 
came  next  but  were  much  inferior.  The  germination  tests,  however, 
gave  poor  results,  varying  from  1  to  24  per  cent.  In  the  case  of  wheat 
also  the  germination  of  seeds  kept  in  earthen  pots  invariably  gave  poor 
results. 

Kirao  (Pisum  arvense)  and  khesari  {Lathyrus  sativus)  seeds,  kept 
from  March  1917  to  November  1917  under  sand  in  a  glass  trough,  gave 
cent,  per  cent,  germination. 

Conclusion. 
The  results  aimed  at  in  successful  storage  of  grain  are  (1)  that  it 
should  remain  undamaged  by  insects,  (2)  that  it  should  not  deteriorate 
in  quality,  and  (3)  that  it  should  not  lose  its  germinating  power  when 
required  for  use  as  seed.  As  ascertained  by  observation  and  detailed 
in  the  section  on  "  immunity  or  otherwise  of  stored  seeds,  etc.",  all 
grains  are  not  liable  to  be  attacked  by  insects  and  do  not  require  special 
precautions  in  storing.  Those  Uable  to  be  attacked  include  our  principal 
food-stiiffs,  viz.,  iicQ,  wheat,  barley,  maize,  jiia/  and  the  pulses.  They 
require  special  precautions  for  storage  and  in  their  case  the  above  results 
are  usually  recommended  to  be  obtained  by  fumigating  the  grains  with 
carbon  bisulphide  before  storing  and  then  storing  them  in  insect- proof 
Teceptacles.  In  the  case  of  Indian  house-holders  both  these  conditions 
•are  wanting. 
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Of  the  receptacles   in   use  among  the   ordinary  house-holders   for 
storage  of  grain,  gunny  bags   are  the  worst  as  they  expose  the  grain  to 
over  their  surface. 


The  various  types  of  earthen  vessels,  mud-bins  and  bamboo-bins 
cannot  be  made  insect-proof. 

Attempts  aie  often  made  to  make  earthen  vessels  insect-proof  by 
plastering  down  their  covers  with  mud.  They  cannot  be  made  insect- 
proof  in  this  manner,  as  some  of  the  worst  pests  {e.g.,  EMzojxrtha  dmii- 
iiica)  can  work  their  way  through  the  mud  plaster.  As  will  appear 
from  the  records  of  experiments  with  wheat  given  above,  the  grain 
(especially  the  cereals)  in  vessels  closed  in  this  manner  is  liable  to  be 
attacked  by  two  serious  pests,  viz.,  Bhizopertha  dominica,  which  does 
the  greatest  damage  in  the  shortest  time  of  all  the  store  pests,  and  (2) 
Calaoidra  ory:a',  the  ordinary  rice  weevil,  which,  in  addition  to  the  actual 
damage  by  feeding,  causes  the  entire  quantity  of  grain,  including  the 
unaffected  ones,  to  ferment  and  lot  owing  to  the  ijioisture  and  heat 
generated  by  it  while  breeding  in  the  grain.  In  vessels  which  are  not 
thus  closed  and  into  which  free  air  can  have  access  the  grain  (cereals) 
is  Hable  to  be  attacked  only  by  the  rice  weevils  with  this  advantage 
that  no  fermentation  and  rotting  are  set  up,  as  the  moisture  and  heat 
generated  by  the  insects  escape.  Therefore  open-mouthed  unclosed 
vessels  are  preferable. 

There  is  no  treatment  known  which  can  immunize  the  grain  against 
insects  even  for  a  few  months.  Safety  lies  in  storing  the  grain  in  open- 
mouthed  unclosed  receptacles  and  at  the  same  time  adopting  such 
methods  as  will  prevent  the  insects  having  access  to  it.  This  has  been 
found  to  be  practically  possible  by  keeping  the  grain  in  open-mouthed 
receptacles  with  solid  walls  and  bottom  through  which  no  insects  can 
have  access,  and  by  keeping  the  grain  covered  at  the  top  with  a  layer 
of  dry  fine  sand. 

Plate  123,  figs.  1  and  3  show  how  the  grain  should  be  stored  in 
earthen  pots  and  kerosine  tins  or  bins.  The  sand  percolates  down  and 
exposes  the  grain  at  the  top.  This  should  be  guarded  against  at  the 
time  of  storage  by  making  the  sand  go  down  as  much  as  possible  by 
shaking  or  striking  the  sides  of  the  receptacles.  A  layer  of  about  1  to 
2  inches  of  sand  should  stand  at  the  top  covering  the  grain  always. 

The  sand  has  an  additional  advantage.  Some  of  the  peSts  (especially 
the  Pulse  Beetles)  infect  the  seeds  while  still  in  the  field  and  the  insects 
which  remain  inside  the  seeds  are  brought  into  the  store  a  nd  afterwards 
breed  there.  The  sand  prevents  such  insects  from  breeding  and  it  has 
been  found  practically  that  the  insects  come   up  to  the  top  of  the  sand 
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Fig.  2.— Showing  how  the  top  of  a  bin  can  be 
modified  for  the  use  of  sand  if  it  is  not  in- 
tended to  allow  the  grain  to  be  mixed  with 
sand. 


Fig.  1.— Section  through  earthenware  pot, 
showing  how  grain  should  be  kept  with 
a  layer  of  sand  at  the  top. 


Fig.  3 — Showing  how  grain  should  be  kept  in  bins  with  a  layer 
of  sand  at  the  top. 
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Fig. 


.—Showing  how  a  mud  bin  can  be  formed  on  the  floor  inside 
mud-walled  houses  or  huts. 


Fig.  2.— How  openings,  if  desired  at  the  lower  parts  of  bins 
for  taking  out  the  stored  grain,  may  be  protected 
with  sand. 
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and  cannot  go  down  again.  Tlie  grain  is  therefore  automatically  freed 
of  such  insects. 

It  should  be  remembered  that  the  principal  infection,  and  in  the 
mfijority  of  cases  the  primary  infection,  takes  place  after  the  grain  is 
harvested  and  when  it  is  allowed  to  be  exposed  either  in  the  threshing 
yard  or  in  the  godo^-n.  Storing  sh«uld  be  done  directly  from  the  thresh- 
ing yard.  Another  point  to  remember  is  that  the  sun  is  a  very  good 
insecticide  of  which  all  can  make  use  and  the  grain  should  be  stored 
while  hot  after  exposing  it  to  the  sun,  if  possible  in  thin  layers  so  that 
all  the  grains  may  be  heated. 

If  it  is  not  intended  to  mix  the  gram  with  sand,  a  sheet  of  cloth  can 
be  spread  over  the  grain  and  the  sand  placed  above  the  cloth.  In 
actual  practice  it  has  been  found  to  be  equally  effective  in  the  case  of 
wheat,  as  will  appear  from  Experiment  XV,  2  and  17.  The  insects, 
at  least  the  rice  weevils,  somehow  crawl  out  and  do  not  breed  in  the 
grain.  If  the  top  of  the  bin  is  made  in  the  manner  shown  in  Plate  123, 
fig.  2,  the  sand  will  remain  in  touch  with  the  grain  all  round  the  edges 
while  the  grain  in  the  bin  will  remain  free  from  sand.  In  such  bins  a 
sheet  of  iron  or  tin  or  a  wooden  plank  can  be  used  in  place  of  the 
sheet  of  cloth.  When  the  grain  is  stored  directly  fi'om  the  threshing 
floor,  as  recommended  here,  cloth  for  such  bins  can  always  be  used. 

If,  however,  the  grain  is  already  badly  infected.  Sand  allowed  to 
percolate  down  through  the  grains  will  force  out  more  insects.  It  is, 
however,  better  not  to  use  sand  in  the  case  of  badly  infected  cereals, 
as  sand  gets  into  the  holes  i^roduced  by  the  insects  in  the  grains  and 
cannot  be  removed  easily.  Badly  infected  cereals  cannot  be  freed  of 
insects  entirely  by  sand  and  breeding  and  damage  may  continue  under 
sand  as  the  insects,  especially  the  weevils,  find  enough  room  to  move 
about  in  the  interspaces  among  the  eaten  grains.  In  such  cases  the 
grain  should  first  of  all  be  freed  of  insects  either  by  fumigation  where 
feasible  or  by  breaking  I'lp  the  eaten  grains  aiid  shells  in  a  pestle  and 
mortar,  winnowing  off  the  dirt  and  chaff  and  then  thoroughly  heating 
the  grain  in  the  sun  or,  better,  over  a  fire.  It  can  then  be  stored  with 
cloth  and  sand  to  prevent  re-infection  and  further  damage. 

The  mud  bins  of  Bihar  (Plates  112,  113)  and  bins  made  of  bamboo  or 
sticks  of  other  plants  and  the  BUiar  Bakharis  are  not  good  for  storage 
purposes,  at  least  for  cereals.  WTiatever  be  the  receptacle  used,  it 
should  have  the  bottom  and  walls  in  one  piece  and  without  cracks  or 
inter-spaces  through  which  insects  can  creep  in.  Mud-walled  storage 
bins  can  be  built  inside  houses  as  shown  in  Plate  124,  fig.  1.  The 
empty  space  below  is  for  aeration  so  that  the  grain  may  not  be 
affected  by  damp.     Similar    masonry  storage   bins   can   be   built   with 
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arclies  below  as  seen  in  Plate  121,  fig.  1.  A  bin  measuring  2Jx2|x2 
feet  can  accommodate  more  than  ten  maunds  of  grain.  It  can  be  made 
as  large  and  high  as  one  likes.  A  series  of  bins  can  be  built  side  by 
side.    The  Bihar  Bakharis  can  be  replaced  in  this  manner. 

If  it  is  intended  to  have  a  hole  at  the  bottom  for  taking  out  the  stored 
grain  whether  in  mud,  masonry  or  iron  bins,  the  hole  should  be  protected 
with  sand  as  shown  in  Plate  124,  fig.  2. 

The  system  of  storage  recommended  here  is  applicable  to  cereals, 
pulses  and  such  articles  as  coriander  seed,  turmeric,  etc.,  which  can 
be  conveniently  placed  under  sand  and  easily  cleaned  before  use. 

Sand  keeps  the  grain  practically  in  the  same  condition  in  which 
it  is  stored.  The  germinating  power  is  unaffected.  Earthen  pots,  at 
least  those  available  from  the  potters  in  the  neighbourhood  of  Pusa, 
have  an  injurious  effect  on  the  germinating  power  of  seeds  stored  in  them. 
When  the  grain  stored  is  intended  to  be  used  as  seed  earthen  pots  should 
not  be  used.     Kerosine  tins  or  iron  bins  are  good  for  this  purpose. 

Storage  above  ground  is  always  preferable  to  storage  underground 
such  as  in  pits.  But  the  pit  system  of  storage  is  so  much  in  vogue  and 
£0  cheap  that  it  will  probably  not  be  given  up  quickly,  although  after 
the  initial  expenditure  has  been  met  for  making  proper  preparations 
for  above-ground  storage,  the  better  quahty  of  the  stored  grain,  fetching 
a  higher  price,  and  the  absence  of  loss  due  to  insects,  moisture  and 
fermentation,  will  soon  more  than  make  up  for  the  initial  expenditure. 

Mr.  Ramakrishna  We  tried  storing  paddy  seeds  according  to  this  method  and  the 

^^^^^-  seeds  were  unaffected  by  the  beetles. 

Mr.  G.  R.  Dutt.  Mr.  Ghosh  has  said  that  a  cloth  should  be  placed  between  the  layer 

of  sand  and  the  grain  ;  if  so,  how  would  the  insects  be  able  to  get  to  the 
top  of  the  sand  ? 

Mr.Kunhi  Kannan.  In  Mysore  we  carried  out  some  investigations  along  the  lines  suggested 
in  this  paper  and  we  came  to  the  same  conclusions.  The  insects  do 
come  to  the  top  layer  and  this  is  on  account  of  the  instinct  of  reproduc- 
tion. In  the  grain  they  cannot  copulate  and  for  copulation  they  want 
a  central  place  where  they  can  come  together  and  so  they  come  to  the 
surface,  where  they  copulate  and  lay  eggs.  I  have  found  that  the 
degree  of  infection  is  always  greater  at  the  top  surface,  so  the  insects 
do  come  to  the  top.  If  there  is  a  layer  of  sand  they  cannot  get  in  again. 
If  the  layer  of  sand  is  not  very  thick  and  is  only  about  half  an  inch  deep, 
then  the  beetles  have  been  observed  to  go  down  and  a  very  interesting 
thing  happens.  Sometimes  two  or  three  beetles  drag  a  grain  to  the 
top  and  lay  eggs  there. 
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In  Mysore  tliis  practice  was  very  prevalent  at  one  time  but  now 
people  seem  to  have  forgotten  it.  Another  method  employed  is  that 
of  using  a  bin  with  the  capacity  of  six  hundred  seers.  This  bm  has  a 
hole  which  is  closed  by  a  coconut  shell  fitted  with  a  string  arrangement 
to  close  the  hole,  the  top  of  the  grain  is  covered  by  a  layer  of  sand  and 
the  grain  can  be  taken  out  from  the  lowerhole.  In  some  experiments 
infected  seeds  were  placed  in  a  jar  and  covered  over  with  a  layer  of 
sand.  The  insects  crawled  up  but  could  not  come  down  again.  Why 
they  cannot  go  down  is  very  difficult  to  say. 

In  our  experiments  several  different  samples  of  the  grains  of  wheat  Mr.  Ghosh. 
were  tried. 

In  the  North-West  Frontier  Province  a  cultivator  near  Tarnab.  has  Mr.  Robertson- 
a  grain-store  made  of  deodar  with  a  capacity  of  about  1,500  maunds.  ^'°^"- 
It  is  raised  from  the  ground  and  is  simply  built  of  boards  and  is  very 
airy.  I  saw  it  first  some  seven  years  ago  and  the  owner  tells  me  that 
it  has  been  built  for  thirty  years,  and  that  he  has  never  had  any  trouble 
with  wee\'ils  *  in  it  during  that  time.  I  have  seen  the  store  pretty  well 
filled  and  also  almost  empty  and  without  any  pests  at  any  time.  Other 
stores  which  are  not  airy  are  always  badly  affected.  My  experience 
is  that,  if  grain  is  kept  in  airy  stores,  it  remains  safe.  It  is  not  a  ques- 
tion of  storing  small  quantities,  twenty  or  thirty  maunds  or  so,  but  of 
thousands  of  mcninds.  In  our  district  the  hanias  mix  dust  with  the 
grain  and  it  does  not  get  pests.  Fiu-ther,  I  have  found  that  when  local 
grain  is  badly  affected,  "  Pusa  4  "  wheat  suffers  very  httle.  I  have 
also  found  that,  wlule  grain  stored  indoors  in  bins  suffers  badly,  that 
stored  in  airy  places  does  not  suffer.  One  year,  owing  to  shortage  of 
bags,  we  put  some  of  our  grain  in  old  snuff-bags  and  the  grain  placed 
in  these  bags  did  not  suffer  from  insect  attack.  Of  course,  snuff  is  a 
very  strong- smelling  substance.  On  further  inquiries  I  was  told  that 
if  the  bags  were  dipped  in  folvo  the  grain  would  keep  safe.  This  has  - 
not  been  tried  as  yet.  In  some  parts  cyhndrical  stores  of  mud  are 
made  and  in  these  the  grain  keeps  well. 

I  can  corroborate  what  Mr.  Robertson-Brown  has  told  us  about  Mr.  Fletcher. 
the  timber-built  granary  at  Peshawar  as  I  saw  it  when  at  Peshawar 
three  or  four  years  ago  and  found  it  quite  free  from  insect  pests,  although 
the  ordinary  local  pattern  of  granary,  built  of  thick  walls  of  mud,  was 
swarming  with  pests,  mostly  Trogoderma  khapra.  It  struck  me  that  the 
difference  might  be  due  to  the  greater  variations  of  temperature  in  the 

*  The  term  "  weevils  "  here  includes  Trogoderma  Ichapra,  which  is  the  worst  pest 
in  the  ordinary  mud  stores  in  the  North- West  Frontier  Province,  as  well  as  Calandra 
tOTyz(e. — Editor. 
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Mr.  Robertson- 
Brown. 

Mr. 

Ramrao. 

Mr. 

Fletcher. 

Mr. 

Senior-White. 

Mr. 

Ramrao. 

Mr.  Kunhi  Kannan, 
Mr.  Ghosh. 


Mr.  Robertson- 
Brown. 


Mr.  G.  R.  Dutt. 


Mr.  Fletcher. 
Mr.  Ghosh. 


case  of  the  timber-built  store  as  compared  with  the  mud  one  and  it 
was  proi^osed  to  test  this  and  compare  the  efficiency  of  the  two  types 
by  building  two  small  granaries,  side  by  side,  one  of  timber  and  the 
other  of  mud,  and  taking  daily  temperature-readings  in  each.  These 
granaries  were  being  built  when  I  was  at  Tarnab  in  May  1916  and  I 
left  thermometers  there  for  taking  the  readings  but  have  not  heard  any 
more  about  them. 

Those  experimental  stores  proved  a  failure  as  they  were  not  rain- 
proof. 

Rats  do  a  great  deal  of  damage  to  stored  grains  and  make  holes  in 
granaries. 

If  the  stores  are  placed  on  pillars,  off  the  ground,  as  these  Peshawar 
timber-built  stores  are,  the  damage  from  rats  is  eliminated. 

The  new  rat-proof  grain-stores  recently  erected  in  Colombo  show 
how  the  damage  done  by  rats  can  be  nullified. 

In  some  parts  of  South  Kanara  a  paste  is  made  of  red  earth  which 
is  mixed  with  pulses.  These  are  stored  in  a  corner  of  the  house  and 
remain  quite  exposed.  They  keep  quite  well  in  this  way  even  up  to 
two  years.     I  have  seen  this  myself. 

This  method  has  been  tried  in  Mysore  but  was  not  found  successful. 

Rhizopertha  breeds  if  the  mouth  of  the  bin  is  plastered  over,  but, 
if  left  unplastered,  it  does  not  develop. 

We  plastered  over  the  mouths  of  our  motkas  and  the  seed  was  damaged. 
If  kept  in  air-tight  boxes,  maize  loses  its  germinating  power. 

In  Patiala  and  the  neighbouring  districts  bhusa  [chaff]  of  gram  is 
placed  in  a  layer  below  and  above  the  grains  and  they  keep  well ;  but 
wheat  if  stored  in  this  way  does  not  keej). 

If  the  grains  are  already  infested  holes  are  formed  in  the  grains  when 
the  adults  emerge.  In  the  method  of  storage  under  sand,  the  sand 
gets  into  these  holes  and  renders  the  atla  made  out  of  such  grains  un- 
eatable.    Also  how  can  insects  come  out  through  the  cloth  ? 

We  have  experienced  the  trouble  from  the  sand  in  the  atla  in  the 
course  of  our  experiments.  The  first  thing  is,  why  should  you  allow 
your  wheat  to  be  infested  1  Take  it  directly  from  the  tlireshing  yard 
and  store  it  under  sand  and  there  will  be  no  trouble,  as  the  grain  will 
never  be  infested.  The  stirring,  which  the  grain  receives  at  the  time 
of  storing,  causes  the  weevils,  which  may  be  in  it,  to  leave  it  and  the 
damage  is  caused  by  the  weevils  which  gain  access  to  it  afterwards. 
In  actual  experiments  it  has  been  found  that  the  weevils  manage  to- 
get  out  tlirough  the  edges  when  there  is  cloth. 

The  grain  may  be  infested  in  the  field. 

There  is  hardly  any  infestation  in  the  fields.  , 
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The  reason  why  it  is  that  the  weevils  come  to  the  top  is  that  they  jyir.  Kunhi  Kannan. 
want  free  space  to  mate. 

When  a  large  quantity  of  grain  is  stored  and  small  quantities  have  Mr.  G.  R.  Dutt. 
to  be  taken  out  at  intervals  for  use,  infestation  may  take  place  when 
the  sand  is  removed  from  the  top.     Some  arrangement  by  which  the 
graiji  can  be  drawn  out  from  below  would  be  desirable. 

Such  an  arrangement  is  possible  but  not  necessary.  The  grain  can  Mr.  Ghosh, 
be  taken  out  from  the  top  and  re-covered  with  sand.  The  bin  of  wliich 
Mr.  Kunhi  Kamian  has  given  a  description,  with  a  hole  at  the  lower 
part  closed  with  a  coconut  shell,  affords  a  weak  point  at  the  hole  through 
which  weevils  will  get  in.  If  it  is  really  desired  to  have  such  a  hole  it 
should  have  an  arrangement  which  will  allow  of  the  hole  being  covered 
with  sand. 

38.— MEECURY  AS  AN  INSECTICIDE.     (Abstract.) 

Bij  K.  KuKHi  Kannan,  M.A.,  F.E.S.,  Senior  Assistant  Entomologist, 
Mysore. 

While  investigating  the  indigenous  methods  of  storing  pulses  in 
Mysore,  it  came  to  the  notice  of  the  Agricultural  Department  that 
raiyats  had  great  faith  in  the  efficacy  of  mercury  as  a  protection  against 
the  pest.  The  practice  appears  to  have  been  to  place  a  drop  of  mercury 
in  an  excavated  soap-nut  in  the  receptacle  used  for  storing.  Further 
details  could  not  be  obtained,  as  the  practice  seems  to  have  died  out 
practically.  The  poisonous  effect  of  mercu^  vapour  on  human  beings 
being  well  known,  it  was  decided  to  test  the  value  of  the  metal  as  an 
insecticide  and  the  results  have  vindicated  what  has  been  long  re- 
garded as  a  superstition. 

The  presence  of  the  metal  in  very  small  quantity  placed  in  a  dish 
inside  the  receptacle  prevented  the  multiplication  of  the  beetles.  A 
series  of  experiments  conducted  show  that  the  action  is  on  the  eggs 
of  the  beetles  which  are  usually  laid  only  on  the  top  surface  of  the  pulses 
and  not  on  the  other  Stages.  The  effect  is  less  marked  m  the  case  of 
large  store  bins  of  several  cubic  feet  capacity.  But  in  small  jars  or 
pots  of  a  couple  of  cubic  feet  or  so  a  drop  or  two  absolutely  prevent 
emergence.  The  same  deleterious  action  has  been  noticed  on  the  eggs 
of  silkworms  also.     Detailed  results  will  be  published  elsewhere. 

Where  do  the  raiyats  get  the  mercury  ?  Mr.  Fletcher. 

It  is  sold  in  the  bazaars.     Grocers  store  it.  Mr.  Kunhi  Kannan, 

Is  it  found  in  India  ?  Mr.  Fletcher. 

I  think  so.     At  one  place  they  had    ten  pounds  of    mercury  found  Mr.  Kunhi 
as  metal  in  one  place.  Kannan. 
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Mr.  Kunhi 
Kannan. 


It  sounds  rather  unlikely  to  find  free  mercury.  Possibly  it  comea 
from  tlie  Kolar  niiaes. 

I  also  tried  the  efiect  of  mercury  on  silkworm  eggs  and  found  that 
it  prevented  their  hatching.  The  method  of  action  seems  obscure. 
We  weighed  the  mercury  used  hi  our  experiments  and  found  that  there 
was  no  loss  of  weight. 


The  subject 


to  require  further  investigation. 


39.— LIST  OF  THE  PESTS  OF  THE  STOEED  PRODUCTS,  SPICES 
AND  DRUGS,  IN  BURMA. 


By  K.  D.  Shroff,  B.A.,  Entomological  Assistant,  Burma. 


Sitolroga  cerenlella    . 
Calandra  orijzm 

Tribolium  castaneum 

Corcyra  cephalonica 
Bruchus  cliinensis     . 
Bruchus  sp. 
Bruchus  theobromm  . 
Bruchus  analis 
Bruchus  sp.  (3  species) 
Lasioderina  testuceum 
Aphanus  sordidus     . 


looking  like  Rhizopertha 


Stored  Pkolucts. 
Paddy,  Jna     . 


Bice,    wheat,   Juar 
maize,  gram,  etc. 


Kice,  wheat,    flour 
pulses. 


\3iung,    Urid,    Tut, 
I      peas. 


Bean.'i  (Dolichos  lab- 
lab). 


Jlinor  pest. 
Major  pest. 

Minor  pest. 

Do. 

Major  pest. 

Major  pest. 
Minor  pest. 


Sesamum,  groundnut  I  Reported  "  serious  "  from 
Taungtha,  Myingyan  Dis- 
trict. 

Barley  .  .  .  Found  on  barley  imported 
from  Delhi  by  the  Mandalay 
Brewery. 
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Spices  and  Drugs. 


Pest 

Part    of    the 
Attacked 

Plant 

Eemarks 

Chillies. 

Chaelodaciis  ferruginevs  dorsalis 

Fruit      . 

Tamarind 

Scarcely  a  pest. 

Weevils  {Calandra  ?) 

Seeds     . 

Minor  pest,  sometimes  serious 
especially  to  stored  tam- 
arind if  seeds  are  not  re- 
moved  before  storage. 

Caryoborus  gonagra 

Do.       . 

Mint. 

Minor  pest. 

Syngamia  abniptalis 

Leaves  . 

Not  serious. 

Coriander,       Carda- 
mom, Betel-nxd,  Orris 
root. 

Lasiodcrma     .... 

Do.  . 

Minor  pest  but  causes  a  large 
aggregate  damage. 

Triboliums^. 

Opium  seeds   . 
Serena. 

Not  serious. 

Butterfly  caterpillars 

Leaves  . 

Minor  pest,, 

Aphids  (Sucking) 

Juice 

Camphor 

Minor  pest  but  not  serious. 

Beetles 

Leaves  . 

Not  very  serious. 

40.— POTATO  PRESERVATION  IN  THE  BOMBAY  PRESIDENCY. 

By  Ramrao  S.  Kasergode,  Assistant  Professor  ofEntmnology,  Poonct. 
The  potato  being  an  important  article  of  diet  should  be  capable  of 
being  preserved  from  one  harvest  to  another,  not  only  for  the  purposes 
of  seed  but  also  for  consumption.  A  riddled  potato  is  useless  for  table 
purposes  and  it  is  equally  bad  for  seed.  Abnost  all  attempts  at  preserva- 
tion, at  least  in  India,  have   however   beea   directed   to   preserve   the 
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potatoes  for  seed.  In  localities  where  only  one  crop  a  year  is  tlie  rule  it 
has  to  be  kept  for  fully  eight  months  or  more,  but  the  potato  is  capable 
of  being  grown  and  is  grown  in  two  seasons  in  a  large  number  of  places. 
In  the  latter  case  the  period  it  hag  to  be  kept  is  much  less,  a  matter  of 
four  months.  On  account  of  the  abnormal  losses  in  storage  due  to 
diseases  and  pests  the  price  of  the  potatoes  may  rise  from  one  rupee 
a  maund  in  Bengal  to  even  fourteen  or  twenty  rupees  a  maund  at  the 
next  sowing.  In  Bombay,  although  it  has  not  been  seen  to  rise  to  such 
a  high  figure,  three  to  four  times  the  harvest  price  is  realized  during 
the  next  sowing.  The  same  conditions  probably  obtain  in  the  Central 
Provinces  and  the  Punjab.  From  observations  taken  of  the  cultivators' 
heaps  it  is  found  that  the  loss  due  to  diseases  and  pests  may  range  from 
50  to  75  per  cent. 


Serial 

No.* 

Weight   of   Potatoes 

Percentage 

at     the     time     of 
storage,  in  lb. 

loss  in 
storage 

Remarks 

1 

224,400 

310 

Accurate  weights  were  taken  at  the  time 
of    storage.     Potatoes    were    stored    in 

2 

89,600 

40-7 

the  last  week  of  iMarch  and  weighed 
again  in  the  middle  of  June. 

3 

108,000 

75-0 

4 

43,200 

80-0 

Weights  taken  at  the  time  of  storage 
and  weighed  again  at  the  time  of 
disposal.  Stored  from  the  end  of 
October  and  opened  in  the  middle  of 
December. 

The  way  in  which  the  potatoes  are  stored  by  the  cultivators  is  briefly 
this  : — A  rectangular  pit  about  a  foot  deep  is  dug,  generally  under  the 
shade  of  a  tree.  This  pit  is  watered  and  the  soil  is  pressed  down  before 
the  potatoes  are  poured  in.  These  heaps  may  vary  from  3  to  3i  feet 
in  depth.  The  potatoes  are  then  covered  by  a  layer  of  Nhn  leaves 
or  straw.  Over  the  whole  heap  a  roof  is  constructed  of  straw  and  leaves 
to  prevent  the  heaps  being  directly  exposed  to  the  Sun  and  thereby  turn 
green.  No  attempt  is  made  to  remove  the  rotten  potatoes  except  when 
the  heap  is  to  be  sold  off  finally  at  the  end  of  storage.  When  the  potatoes 
are  uncovered  at  the  end  of  storage  practically  every  potato  has  the 
larvae  of  the  moth  boring  inside  and  the  potatoes  lower  down  the  heap 
have  rotted  to  a  larger  extent  than  in  the  upper  layers  of  the  heap. 

The  cultivator  ascribes  all  this  damage  to  the  easily  visible  moth 
and  its  larvae  and  he  has  no  means  of    discriminating  the  subtle  and 


*  For  all  the  figures  included  in  this  pajjcr  I  am  indebted  to  S.  D.  Nagpurker,  B.A 
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invisible  bacterial  and  fungal  diseases  in  the  potatoes.  An  experiment 
carried  out  in  1912  showed  beyond  doubt  that  even  where  the  moth 
pest  was  excluded  the  rots  could  continue  their  destruction.  Two 
lots  of  5,000  lb.  each  were  kept  under  observation.  One  was  fumigated 
and  the  other  unfumigated,  and  both  were  kept  in  two  separate  rooms 
well  ventilated  and  cool.  Forty-five  per  cent,  of  the  potatoes  were 
recovered  from  the  fumigated  lot  while  all  the  potatoes  in  the  unfumi- 
gated lot  were  lost  by  rots  within  a  period  of  three  months.  This  experi- 
ment showed  conclusively  that  the  presence  of  moths  and  their  larvse 
in  the  potatoes  helped  the  destruction  to  a  very  large  extent. 

Continued  trials  have  shown  that  the  control  of  the  moth  is  a  com- 
paratively easy  task  if  only  the  various  forms  of  rots  could  be  eliminated. 
The  larvae  of  the  moth  do  not  destroy  the  potato  except  slightly  for 
seed  purposes.  It  might  shrmk  a  httle  more  than  when  it  is  kept 
fiee  from  its  infection.  Only  a  few  eyes  will  be  injured  out  of  the  many 
that  the  potato  possesses  capable  of  sprouting.  No  cultivator  utihzes 
rotten  or  even  half-rotten  potatoes  for  seed.  But  he  has  no  objection 
to  utiHze  wormy  ones  for  seed  and  actual  counts  from  a  number  of  fields 
during  the  planting  season  have  shown  that  on  an  average  no  more  than 
10  per  cent,  of  the  setts  have  had  their  eyes  injured  by  the  larvae. 

Further  observations  of  the  heaps  during  the  period  of  storage  show 
that  the  temperature  is  also  a  controlling  factor  which  must  be  taken 
into  account. 


Serial  No. 

Weight  of 

Potatoes 

in  storage  in 

lb. 

Percentage 
storage 

Tempera- 
ture of  the 
heap  (degrees 
Fahrenheit) 

Tempera- 
ture   under 
shade  (degrees 
Fahrenheit) 

Depth   of   the 
heaps  (feet) 

1 

15,600 

7-5 

8; 

87 

H 

2 

87,600 

40-7 

87 

87 

n 

3 

1,600 

21-0 

SS 

92 

2 

i 

1,08,000 

750 

88 

88 

3 

The  moth  was  equally  bad  in  all  the  heaps.  The  percentage  loss 
shown  m  the  above  table  includes  only  those  thrown  away  as  bemc 
rotten  and  useless.  The  selected  potatoes  were  pronounced  to  be  c^uite 
good  for  seed  purposes  even  though  they  contained  more  than  50  per 
cent,  insect  attack.  A  close  scrutiny  of  the  table  shows  that  the  depth 
of  the  heap  bears  a  close  relation  to  the  loss  sustained  and  also  to  the 
temperature  of  the  heaps.     The  deeper  the  potatoes  are  stored  the  higher 
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the  loss  by  rots  and  this  may  possibly  be  accounted  for  by  the  higher 
temperature  generated  in  the  depths  of  the  heaps.  Ventilation  of  the 
heaps  must  be  secured  to  prevent  the  rise  of  temperature  so  as  not  to 
give  rots  the  conditions  most  favourable  for  their  development. 

Out  of  the  five  different  kinds  of  rots  which  have  up  to  this  time 
been  discovered  in  the  Bombay  potatoes  two  deserve  special  attention 
in  connection  with  this  storage.  The  bacterial  rot  which  is  the  more 
important  of  the  two  is  universally  found  ia  practically  all  potato-growing 
tracts  of  Bombay.  The  next,  though  a  less  important  one,  is  the  dry 
Fusarium  rot.  If  these  two  rots  are  present  in  any  degree  in  the  har- 
vested potatoes  the  presence  of  the  larvsB  of  the  moth  increases  the  rate 
of  rotting,  affording  as  they  do  the  ready  means  by  which  the  SjDores  of 
the  two  rots  effect  an  entrance  into  the  otherwise  healthy  potatoes. 
The  larger  the  number  of  generations  the  moth  passes  through  in  a 
potato  godown  the  greater  the  danger  to  the  heaps.  These  rots  are 
known  to  be  saprophytic  in  nature  and  the  infection  is  carried  from  the 
soil  along  with  the  harvested  potatoes.  Any  form  of  external  injury 
either  by  the  larvae  or  by  other  mechanical  injuries  sustained  by  the 
potatoes  in  their  handling  during  their  harvest  or  subsequent  to  harvest, 
exposes  the  tubers  to  infection.  To  control  the  rots,  which  are  therefore 
the  primary  causes  of  destruction,  the  moth  must  first  be  prevented 
fi'om  breeding  in  the  potatoes  intended  for  storage. 

It  is  also  true  that  under  the  conditions  obtaining  in  the  present 
methods  of  storage  in  heaps,  very  often  as  deep  as  3|  feet,  the  moisture 
given  up  by  the  potatoes  in  the  natural  process  of  drying  coupled  with 
the  high  temperature  particularly  at  the  bottoms  of  the  heaps  favours 
the  spread  of  the  bacterial  rot  and  to  a  less  extent  of  Fusarium  rot. 
If  the  temperature  of  the  room  rises  to  86°F.  or  anything  above  this, 
the  destruction  of  the  heaps  is  only  a  matter  of  days  and  not  of  weeks. 

The  preservation  of  the  potatoes  means  therefore  the  control  of  the 
following  four  factors  : — 

(1)  Thorough  fumigation  to  kill  the  moth  larvae. 

(2)  Prevention  of  injury  to  the  skin  of  the  potatoes  incidental  to 

frequent  handling. 

(3)  Thorough   selection  before  storage   so   as   to   exclude  injured 

and  rotting  potatoes  and  also  those  which  show  definite 
signs  of  rots. 

(4)  Ventilation  of  the  potatoes  to  reduce  the  temperature. 

1.  Fumigation  of  the  Potatoes. — It  is  uimecessary  for  the  present 
purposes  of  the  paper  to  go  into  the  detailed  hfe-history  of  this  moth. 
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Suffice  it  to  know  that  the  potatoes  are  attacked  in  the  field — leaf,  stem 
and  tubers  alike.  In  years  when  the  monsoon  fails  or  there  are  long 
breaks  the  cracks  m  the  soil  allow  the  larvse  access  to  the  tubers  below. 
The  potatoes  ia  the  soil  are  much  less  attacked  if  the  rainfall  is  even 
and  well  distributed.  Irrigated  potatoes  escape  being  attacked  in  the 
field  on  account  of  the  soil  receiving  regular  and  timely  watering  which 
keeps  the  soil  from  cracking.  The  source  of  infection  may  also  be  from 
green  potatoes  which  get  exposed  in  the  field  and  so  get  unwittingly 
mixed  with  the  sound  tubers  that  go  to  the  store.  The  moth  is  known 
to  breed  in  much  the  same  way  as  stored  grain  pests  breed  in  tie  granary. 
The  larvse  inside  the  potatoes  camiot  be  killed  by  any  amount  of  dipping 
and  laboratory  experiments  show  that  moths  hatch  out  from  such 
potatoes  even  by  using  double  the  ordinary  strength  of  lead  arsenate. 
Crude-oil  emulsion  and  copper  Sulphate  are  equally  ineffective  for  the 
purpose.  JRepeated  trials  with  crude-oil  emulsion  in  Bombay  have 
resulted  in  failures.  Experiments  of  dipping  in  crude-oil  emulsion 
carried  out  in  Bengal  have  proved  the  uselessness  of  this  method.  The 
-Central  Provinces'  experience  at  Chindwara  and  Saugor  are  not  reas- 
suring ;  fifty  to  seventy-five  per  cent,  were  found  destroyed  even  al- 
though the  potatoes  were  carefully  selected  before  storage.  Experi- 
ments by  F.  Steward,  D.Sc,  Government  Botanist,  Western  Austraha, 
show  that  formalin,  mercuric  chloride  and  copper  Sulphate  have  had 
no  effect  on  the  larvse  even  after  six  hours  of  dippmg.  The  eggs  and 
pupje  are  more  refractory  and  they  are  not  killed  without  destroying 
the  germination  of  the  potatoes- also.  He  is  positive  when  he  affirms 
that  the  dipping  is  harmful  to  the  germination  if  continued  suffi- 
ciently long  to  kill  the  live  forms  of  the  moth.  Dipping  in  water 
iilled  the  larvse  by  exclusion  of  air  to  the  galleries  in  which  the  larvse 
live. 

Fumigation  by  carbon  bisulphide  was  first  tried  and  gave  excellent 
results.  It  kills  the  larvse  and  pupse  but  has  no  action  against  the 
eggs,  unless  they  are  exposed  to  the  fumes  for  48  hours  or  longer.  Future 
generations  can  be  prevented  from  breeding  in  the  potatoes  if  they  are 
fumigated  before  the  first  generation  of  moths  have  had  the  chance  of 
laying  their  eggs.  Experiments  with  other  compounds  which  evaporate 
easily  have  shown  that  the  fumes  of  benzine  and  petrol  have  a  lethal 
efltect  on  the  larvse  and  pupse  nearly  quite  as  much  as  carbon-bisulphide. 
Benzine  and  carbon-bisulphide  have  to  be  discarded  on  account  of  their 
being  extremely  costly  and  not  easily  available  except  in  big  cities  and 
towns.  Petrol  is  better  on  account  of  its  being  available  even  in  the 
nearest  taluqa  places.  During  normal  times  petrol  is  available  at  one 
rupee  a  gallon  and  there  are  no  restrictions  against  its  transport.     From 
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experiments  conducted  at  the  College  an  exposure  of  24  hours  at  the 
rate  of  one  pint  to  every  200  cubic  feet  of  space  is  found  sufficient  to 
kill  the  larvae  and  90  per  cent,  of  the  pupse. 

2.  Prevention  of  Injury  to  the  skin  of  the  Potato.  To  protect  the 
potatoes  from  superficial  injuries  it  is  found  extremely  necessary  to 
desist  from  handling  them  until  their  skin  gets  hardened.  Two  weeks 
must  elapse  after  their  harvest  before  any  attempt  is  made  to  fumigate 
them,  as  this  necessarily  entails  rough  handling.  It  is  again  possible 
by  waiting  two  weeks  to  discard  the  potatoes  which  develop  signs  of 
bacterial  and  Fusarium  rots  already  noted.  Once  the  potatoes  are 
fumigated  they  are  carefully  selected  to  remove  the  rotting  and  injured 
ones.  If  this  selection  is  thorough  and  if  it  is  made  by  one  who  under- 
stands the  signs  of  rots  the  potatoes  may  be  kept  for  four  months  or 
more  without  any  danger  of  rotting  and  this  obviates  all  further  necessity 
of  repeated  selections. 

3.  Thorough  selection  before  Storage.  Bacterial  rots  can  be  avoided 
to  a  large  extent  if  the  potatoes  are  examined  carefully  before  storage. 
The  blackening  of  the  eye  should  always  be  taken  with  distrust.  Blister- 
like  swellings  just  under  the  skin  is  an  evidence  which  cannot  fail  to 
attract  attention.  They  are  bound  to  rot  the  earliest.  Small  pinhole- 
Jike,  black  depressions  are  also  signs  which  ultimately  develop  into  the 
wet  rot  and  must  therefore  be  looked  for.  Fusarium  dry  rot  can  also 
be  identified  by  concentric  depressions  on  the  surface  and  these  are 
very  often  found  beginning  at  the  stock  end  of  the  potato.  They  may 
also  be  found  in  the  eyes  or  other  parts.  This  rigid  selection  means 
the  examination  of  every  potato  and  it  has  been  found  that  no  more 
than  five  hundred  pounds  of  potatoes  are  capable  of  being  selected  in 
one  day  of  eight  working  hours  by  one  man.  Insect-attacked  potatoes 
need  not  be  rejected  because  of  the  insects,  but  if  they  show  any  of  the 
two  rots  they  should  be  discarded. 

4.  Experiments  conducted  to  determine  various  methods  of  suIj- 
sequent  treatment  in  store  have  shown  that  if  the  potatoes  are  kept 
in  gunny  bags,  they  remain  perfectly  sound  and  that  this  prevents  further 
infection  from  moth  attack  even  although  there  may  be  moths  freely 
moving  about  in  the  godotvn.  The  godown  should  have  as  far  as  possible 
thick  walls  and  a  high  roof,  so  as  to  secure  a  cool  atmosphere  round 
about  the  bags.  The  windows  should  be  opposite  to  each  other  to 
establish  free  circulation  of  wind  in  between  the  bags.  If  these 
precautions  are  taken  and  if  the  bags  are  not  kept  one  above  the  other 
the  rots  are  diminished  to  the  extent  that  it  does  not  require  any  further 
selection  for  at  least  three  months. 
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The  following  figures  show  that  at  a  cost  of  Rs.  5-11-0  per  ton  it  is 
possible  to  preserve  the  potatoes  in  large  quantities : — 


Serial  No. 

Fumigated  Potatoes. 

Percentage  of 

rejection 

Non-fumigated  Potatoes 

Percentage  of 

rejection 

Weight  of  potatoes 
stored  after  fumigation 
lb. 

1-7 

19 

2,100 

2-3 

27 

874 

1;7 

36 

1,718 

11 

3 

1,800 

Negligible. 

3-5 

1,729 

1-6 

8 

548 

9-4 

51 

924 

•8 

3-7 

3.059 

•1 

7 

2,080 

1-8 

8 

995 

3-5 

44 

841 

Averages 

18-5 

16,668 

Period  of  storage  3|  months,  end  of  February  to  middle  of  June. 
Details  of  cost  per  ton  of  potatoes  preserved. 

Rs.  A.  p. 
Cost  of  petrol        .  ......         0     1     0 

Labour  necessary  for  lifting  the  potatoes  into  the  chamber 

and  out  of  it      .         .         .  .         .         .         .         .         0     6     0 

Cost  of  bags 3     0    0 

Selection  charges  .         .         .         .         .         .         .240 

Total  .        5  11     0 

Calculating  that  a  man  has  to  invest  Es.  5-11-0  over  each  ton  of 
potatoes  he  preserves,  he  can  sell  these  potatoes  at  enormous  profit 
during  the  next  sowing  season.  In  Bombay  the  potatoes  are  sold  at 
Rs.  60  per  ton  at  harvest  and  Rs.  180  a  ton  at  the  next  sowing.  If  he 
does  not  sell  his  produce  off  soon  after  harvest,  as  he  most  often  does 
for  fear  of  moths  and  rots,  he  will  be  able  to  realize  not  lesa  than  Rs.  75 
behind  every  ton  he  preserves  (making  due  allowance  for  dryage  15  per 
cent,  and  rejections  25  per  cent.).     If  he  tries  to  preserve  them  in  the 

z2 
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methods  at  present  in  vogue  with  him  he  will  realize  on  the  50  per  cent, 
left  about  Rs.  90  and  this  leaves  only  a  small  margin  of  Rs.  30  on  the 
assumption  that  he  does  not  spend  anything  on  preserving.  Fumiga- 
tion methods  may  bring  him  Rs.  4-5  a  ton  more  than  by  following  his 
own  methods. 


Mr.  Ramakrishna 

Ayyar. 

Ml.  Ramrao. 


Mr.  Ghosh. 
Mr.  Ramrao. 


Can  you  get  the  people  to  fumigate  ? 

Fumigation  is  done  in  a  cemented  chamber  and  the  people  have  also 
built  such  chambers.  Each  costs  from  200  to  222  rupees  and  is  all  made 
of  cement,  with  an  iron  lid.  Of  course,  it  is  all  done  on  the  co-operative 
system. 

Did  you  try  storage  under  sand  ? 

We  did  try.  It  was  efficacious  against  moth  but  there  was  more 
rot. 

How  do  you  use  the  petrol  ? 

It  is  poured  onto  cotton  placed  in  trays  at  the  top  of  the  bags. 

In  England  the  practice  is  to  dig  the  potatoes  early  and  then  to 
harden  them  in  the  sun  and  then  they  are  stored  in  a  pit.  They  escape 
decay  to  a  great  extent.  I  think  that  storage  m  trays  is  also  very  good  : 
in  trays  they  do  not  sprout  but  remain  green. 


We  have  no  Potato  Moth 


I  do  not  know  if  the  moth  is  present  in  ^ftogland  and  whether  they 
sufl'er  from  the  rots  we  complain  of. 

We  find  that  mature  tubers  keep  well  [under  sand]  and  therefore 
they  should  be  dug  late. 

That  means  that  the  later  you  dig,  the  longer  the  tubers  remain  in 
the  ground,  and  the  more  liable  they  are  to  get  some  disease  from  the 
soil. 

Mr.  Dutt,  have  you  anything  to  say  ?  Have  you  found  any  parasite 
on  the  Potato  Moth  ? 

No ;  I  have  nothing  to  add.  We  have  found  no  parasite  on  the 
moth. 


41.— BEE-KEEPING  IN  INDIA. 

By  C.  C.  Ghosh,  B.A.,  Assistant  to  the  Imperial  Entomologist. 

The  Usefulness  of  the  Honey-bee. 
The  honey-bees  yield  the  two  very  useful  products,  viz.,  honey  and 
beeswax.      Probably  they  do  more  good  to  agriculture  and  to  plants 
generally  as  pollenizing  or  rather  cross-fertilizing  agents  than  as  pro- 
ducers of  these  two  substances,  although  their  usefulness  in  this  direction 
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cannot  ordinarily  be  measured  by  mmmds  and  seers  or  valued  by  rupees 
and  annas.  There  are  plants  which  do  not  produce  any  fruit  if  their 
flowers  are  not  visited  by  bees. 


The  Natural  History  of  the  Honey-bee. 

The  natural  history  of  the  honey-bee  is  a  very  fascinating  study. 
Here  reference  is  made  to  only  so  much  of  it  as  will  enable  one  to  under- 
stand the  drift  of  this  paper. 

The  bee-colony  is  made  up  of  the  mother-bee  called  the  "  queen," 
a  large  number  of  working  bees  called  "  workers  "  and  some  male  bees 
called  "  drones."  There  is  a  complete  difEerentiation  of  the  work  to 
be  performed  by  the  different  members.  The  queen-bee  lays  eggs  from 
which  all  bees  in  the  colony  develop.  She  lives  for  about  three  years. 
The  workers  do  all  kinds  of  work,  such  as  building  combs,  collecting 
honey  and  pollen,  rearing  the  brood  and  every  other  work  necessary 
for  the  well-being  of  the  colony.  Therefore,  the  greater  the  number 
of  workers,  the  better  is  the  condition  of  the  colony.  There  may  be 
fifty  or  sixty  thousand  of  them  in  a  colony,  or  even  more.  They 
however  do  not  live  for  more  than  about  three  to  six  months. 
Therefore,  in  order  that  the  colony  may  go  on,  it  is  neces.sary  for 
new  workers  to  be  born  to  replace  those  which  die.  The  queen  lays 
a  number  of  eggs  every  day  and  new  workers  are  reared  and  born 
every  day  in  the  colony.  In  the  daily  economy  of  the  bee-hive  the 
drone  has  no  function.  In  order  that  the  number  of  bee  colonies 
may  increase,  nature  has  provided  the  bees  with  instincts  which  lead 
the  reigning  queen  to  leave  the  colony  at  a  particular  time  in  the  year 
with  about  half  the  number  of  bees  in  it  and  establish  a  new  colony 
elsewhere.  This  is  called  swarming.  Before  swarming  takes  place, 
new  queens  are  reared  and  are  born  just  after  the  departure  of  the 
old  queen  with  the  swarm.  The  services  of  the  drone  are  required 
at  this  time  to  fertilize  the  new  queen.  The  mating  of  the  queen 
with  the  drone  takes  place  in  the  air.  The  young  queen  flies  out  of 
the  hive  during  the  middle  of  the  day  for  the  purpose.  A  fertilized 
queen  can  perform  the  function  required  of  her  in  the  colony.  An 
unfertilized   queen   cannot. 

In  a  normal  colony  there  must  be  a  queen  and  a  large  body  of  workers. 
New  colonies  can  be  started  with  a  queen  and  a  few  thousand  workers. 
In  this  manner  several  colonies  can  be  formed  out  of  one.  Old  cclonies 
can  be  carried  on  for  years  if  they  can  be  provided  with  new  queens 
when  the  old  queens  die  or  lose  vitality.     If  colonies  are  re-queened 
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every  three  years  they  remain  in  vigour.     In  nature  colonies  requeen 
themselves  at  the  time  of  swarming  or  before  old  queens  die. 

In  countries  where  bee-keeping  is  an  established  industry  there  are 
bee-keepers  who  make  it  a  profession  to  rear  queens,  get  them  fertilized 
and  sell  them  to  those  who  want  new  queens  to  re-queen  their  colonies. 

The  Indigenous  Honey-bees  of  India. 

In  India  three  kinds  of  true  honey-bees  occur.  One  is  the  Rock 
Bee  (Apis  dorsota),  colonies  of  which  build  huge  single  combs,  sometimes 
about  4  or  5  feet  in  diameter,  in  open  places,  on  the  faces  of  rocks,  on 
branches  of  large  trees  in  forests  and  other  localities  and  sometimes  on 
walls  of  buildings.  Wild  tribes  or  professional  honey-gatherers  collect 
their,  combs,  after  first  of  all  burning  or  smoking  away  the  bees.  Each 
comb  yields  a  large  quantity  of  honey  (it  is  said  up  to  about  40  lb.) 
and  wax  (up  to  about  2^  lb.).     (Plate  125.) 

The  second  is  the  Indian  Bee  {Apis  irulico),  colonies  of  which  occupy 
and  build  combs  in  cavities  in  tree  trunks  and  walls  and  also  in  unused 
boxes.  They  build  several  parallel  combs  side  by  side  and  always  hve 
in  closed  covered  situations.  These  are  the  bees  which  are  kept  in  the 
Hill  Stations  and  are  capable  of  being  kept  in  the  Plains  too. 

The  third  is  the  Little  Bee  {Apis  foreci),  colonies  of  which  build 
small  single  combs  in  open  situations  like  the  Rock  Bee,  in  bushes,  under 
eaves  of  huts  and  cornices  of  buildings,  behind  doors  and  windows, 
in  fuel  stacks  and  in  various  similar  situations.  The  combs  are  usually 
small  and  yield  only  a  few  ounces  of  honey. 

Of  all  these  indigenous  honey-bees,  practically  speaking,  only  the 
first  two,  viz.,  the  Rock  Bee  and  the  Indian  Bee,  produce  the  whole  of 
the  honey  and  beeswax  obtainable  in  India.  Of  these  two  again  only 
the  Indian  Bee,  Apis  indica,  is  capable  of  being  kept  in  hives  under 
domestication. 

Bee-keeping  as  an  Industry. 

Beekeeping  as  an  industry  is  carried  on  principally  for  honey,  bees- 
wax being  obtained  as  a  by-product.  Let  us  first  of  all  consider  whether 
it  will  pay  to  undertake  bee-keeping  to  produce  honey  in  India. 

Uses  oj  Honey  in  India  and  how  it  is  obtained. 
In  India  honey  forms  one  of  the  necessary  articles  required  in  most 
religious  ceremonies.  Everywhere  a  httle  honey  is  placed  in  the  mouth 
of  the  infant  at  birth.  This  is  considered  as  a  purificatory  ceremony, 
the  real  usefulness  probably  being  to  clear  the  throat.  Honey  forms 
the  basis  for  many  preparations  and  is  an  important  vehicle  for  almost 
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all  kinds  of  medicines  ia  Ayurvedic  and  Unani  materia  medica.  It  is 
very  much  priced  for  various  medicinal  properties  of  its  own.  For 
constipation  and  colds  of  suckling  infants  it  is  used  extensively  with 
good  results  and  is  also  considered  very  efficacious  against  coughs 
and  colds  of  children  generally.  For  these  domestic  and  sacred  uses 
every  family  makes  it  a  point  always  to  keep  a  small  stock  of  this 
substance.  Besides  its  compulsory  use  for  these  purposes,  as  it  is  con- 
sidered to  be  a  very  good  blood- purifier,  when  available,  Some  persons 
■sip  a  httle  honey  every  day.  A  regular  use  of  it  is  considered  to  make 
the  system  proof  against  fever  and  many  other  ailments.  Where  pro- 
curable it  is  of  course  highly  appreciated  as  food.  It  is  used  in  making 
"  Gvlkand  "  or  "  preserve  of  rose  flowers,"  in  preserving  fruits,  and  for 
making  cakes,  sweetmeats,  etc.,  which  are  intended  to  keep  for  some  time. 
In  some  places  vinegar  and  an  alcoholic  drink  are  said  to  be  prepared 
from  it. 

Among  Europeans  honey  is  used  principally  as  a  luxury,  being  eaten 
directly  with  bread  or  biscuit.  It  is  used  by  bakers  and  confectioners  on 
account  of  its  keeping  qualities  in  manufacturing  their  choicest  articles 
euch  as  honey-gums  and  various  kinds  of  honey-cakes.  It  is  also  used 
for  medicinal  purposes  in  many  cough  cures  and  salves  and  gargles. 

The  food  value  of  honey  lies  in  its  being  already  digested  (in  the 
stomach  of  the  bees)  to  the  extent  required  for  prompt  assimilation 
without  taxmg  the  stomach.  Cane-sugar  cannot  be  assimilated  until 
changed  into  grape-sugar  by  digestion.  When  sugar  is  excessively 
used  the  stomach  Sometimes  fails  to  bring  about  this  digestion,  the  result 
being  sour  stomach.  The  opinion  of  experts  is  that  this  undigested 
sugar  will  be  removed  by  the  kidneys  and  it  may  result  in  their  break- 
down, giving  rise  to  what  is  known  as  Bright's  Disease.  Many  people 
who  cannot  eat  sugar,  being  unable  to  digest  it,  can  easily  digest  honey. 
As  just  explained  honey  is  extensively  used  in  India  —  not  usually 
in  large  quantities  by  individual  consumers  but  in  small  lots  by  practically 
every  household.  The  total,  must  be  a  very  large  quantity  although 
it  is  not  possible  to  arrive  at  any  guess  which  will  be  near  the  mark. 
It  is  certain  that  a  large  quantity  of  honey  is  imported  into  this 
country  although  there  is  no  record  available  about  this  too.  The 
imported  honey,  however,  is  not  largely  used  by  the  Indian  consumers. 
Enormous  quantities  of  honey  are  produced  in  India  by  the  indigenous 
bees.  It  is  not  possible  to  make  an  estimate,  but  the  amount  will  certainly 
be  several  million  pounds.  The  defect  of  this  honey  is  that  those  who 
gather  it  do  not  know  how  to  take  it  out  fi-om  the  bees'  combs  in  a 
pure  condition.  It  therefore  ferments  soon  after  being  gathered  and  is 
reduced  to  the  condition  of  thin  jaggery  [molasses].     As  it  does  not  keep 
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long,  in  the  honey  season  it  is  obtainable  very  cheap,  being  in  many  places 
hawked  abont  and  sold  at  the  rate  of  about  eight  lb.  or  even  more  per 
rupee. 

Besides  the  hawkers  there  are  dealers  in  almost  all  towns  who  stock 
large  quantities  of  this  thin  fermented  honey,  not  for  export,  but  for 
meeting  the  demand  in  the  country.  The  dealers  in  Calcutta  alone  sell 
every  year  about  sixty  to  seventy  thousand  pounds  of  such  honey, 
gathered  principally  fi'om  the  combs  of  the  Rock  Bee  in  the  Sundarbans. 
The  entire  quantity  finds  its  way  to  the  village  grocers'  shops  for  retail 
sale.  When  good  honey  is  available  people  are  willing  to  pay  and  actually 
pay  a  very  high  price.  The  granulated  hone5r  produced  in  the  Hills 
usually  sells  at  the  place  of  production  at  the  rate  of  eight  to  ten  annas 
per  jjouud.  The  honey  produced  at  the  Darjiling  Jail  sells  at  the  high 
price  of  a  rupee  per  pound,  because  it  is  guaranteed  by  the  Jail  authorities 
as  pure  and  untouched  by  hand.  The  imported  honey  usually  sells  at  a 
rupee  per  pound,  although  the  imported  stuff  cannot  always  be  taken 
as  pure  honey. 

Prospects  of  Bee-keeping  in  India. 

Although  the  quantity  of  honey  produced  by  the  indigenous  bees  under 
existing  conditions  is  considerable,  it  probably  represents  but  a  small 
proportion  of  what  is  secreted  by  the  plants  and  is  possible  to  be  gathered 
but  is  wasted  because  there  are  not  enough  and  proper  bees  to  gather 
it.  The  bee-keejDing  experiments  at  Pusa  have  forcibly  demonstrated 
this.  The  neighbourhood  of  Pusa  is  not  apparently  very  rich  in 
honey,  as  one  would  infer  from  the  behaviour  of  the  Indian  Bee 
{Apis  indica),  colonies  which  never  produce  more  than  about  six 
pounds  of  honey  on  the  average.  The  maximum  quantity  yielded  by  a 
very  large  colony  worked  with  very  great  care  was  sixteen  pounds. 
But  it  has  been  found  by  keeping  Italian  Bees  that  the  quantity  of 
honey  the  locality  is  capable  of  yielding  is  very  great. 

One  year  the  indigenous  bees  were  allowed  to  work  in  the  locaHty 
and  gather  hone}^  as  they  do  every  year  and  the  approximate  number 
of  their  colonies  would  be  at  least  about  500,  viz.,  about  200  colonies  of 
the  Indian  Bee  (Apis  indica)  and  about  300  colonies  of  the  Little  Bee 
(Apisfiorea).  In  addition  to  what  they  gathered,  two  out  of  three  Italian 
colonies,  although  worked  under  certain  drawbacks,  yielded  a  surplus 
of  90  lb.  each  and  the  third  colony  yielded  60  lb.  It  seemed  that  if 
there  had  been  several  more  colonies  the}'  would  have  gathered  similar 
quantities.  Similarly  high  yields  were  obtained  from  the  ItaUan  colonies 
every  year  during  the  period  they  were  kept  at  Pusa.  It  is  probable 
that  every  place  in  the  Plains  in  India,  except  probably  the  desert  tracts,. 
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will  i^rove  to  be  rich  in  honey.  Of  the  richness  in  this  commodity  of 
all  the  Hill  Stations  there  cannot  be  any  doubt.  Eai  Bahadur  B.  C.  Basu, 
late  Deputy  Director  of  Agriculture,  Assam,  has  recorded  a  yield  of 
20  to  30  lb.  from  colonies  of  the  Indian  Bee  {Apis  indica)  at  Shillon". 
In  Hazara,  the  yield  of  the  same  bee  is  said  to  be  as  much  as  40  lb.  per 
colony.  In  India  no  record  is  available  of  the  places  where  large  quan- 
tities of  honey  are  produced.  However,  the  locahties  from  which  the 
beeswax  of  the  trade  (of  the  annual  value  of  about  seven  lakhs  of  rupees) 
is  obtained,  will  give  an  almost  exact  idea  in  this  respect.  Supplies 
of  Indian  Beeswax  are  chiefly  drawn  fi-om  the  followmg  places  in  the 
different  provinces.* 

Bengal. — Sundarbans,   Chittagong  and  DarjiHng. 
Bihar  and  Orissa. — Sambalpur,  Chota  Nagpur  and  Purnea. 
Assam. — Khasi  Hills. 

The  U/iited  Provinces. — Eastern  Dun  Forests  and  Khari. 
The  Central  Provinces. — Betul,    Chanda,  Chhindwara,  Damoh,  Ho- 
shangabad,  Jabbalpur,  Mandla,  Nimar,  Raipur  and  Wardha. 
The  Punjab. — Bashahr,  Chamba,  Hazara,  Jhelum,  Kangra,  Kulu 

and  Simla. 
Bombay. — Khandesh  (Satpura  Ranges,  etc.)  and  the  Deccan. 
Berar — Elhchpur,  Mangrul,  Melghat  and  Wum. 
Madras. — Bellary,     Coimbatore,     Cuddapah,     Ganjam,     Godavari, 
Kistna,   Kurnul,  Madura,  Malabar,  Nellore,  Nilgiris,  North 
Arcot,  South  Kanara,  Trichinopoly  and  Vizagapatam. 
Burma. — Bhamo,  Chindwin,  Katha,  Mandalay,  Mmbu,  Pyinmana 

and  Tenasserim. 
All  of  these  locahties  are  suitable  for  bee-keeping  and  some  of  them 
will  be  found  to  give  large  yields  of  honey.  At  Pusa  the  Italian  colonies 
yielded  up  to  90  lb.  Places  like  Shillong  and  Hazara  will  probably 
yield  double  this  quantity.  In  Australia  in  the  Basswood  forests  a 
yield  of  200  lb.  per  colony  is  said  to  be  common.  Similar  yields  can  be- 
expected  in  many  places  in  India. 

Besides,  in  India  there  is  a  special  advantage  by  which  the  yield 
of  honey  can  almost  be  doubled.  In  the  Hills  the  principal  honey  flow 
s  in  autumn,  in  October-November,  and  in  the  Plains  it  is  in  sprmg,  in 
March- April.  Therefore  the  bees  can  be  made  to  gather  honey  in  autumn 
in  the  Hills  and  brought  down  to  the  Plains  in  the  spring. 

We  thus  see  that  bee-keeping  in  India  has  a  bright  prospect  before 
it.  There  are  rich  resources  of  honey  and  there  is  a  ready  market. 
Profitable  bee-keeping  will  not  however  be  possible  until  we  succeed 

*  Iniiian  Trade  Jovrnal,  Vol.  XVII,  No.  212  (1910). 
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in  introducing  and  establishing  in  this  country  the  Italian  Bee  or  a 
bee  of  similar  quality.  Of  the  indigenous  bees,  the  domesticable  Indian 
Bee  is  a  poor  honey-gatherer,  is  extremely  prone  to  swarming  and  is 
unable  to  protect  its  hive  against  the  Wax-moth.  When  the  Wax- 
moth  infests  a  hive,  the  combs  are  eaten  by  the  caterpillars  and  the 
bees  are  compelled  to  run  away.  The  honey-gathering  quality  of  the 
Italian  Bee  has  already  been  referred  to  above  and  it  has  been  found 
by  actual  experiments  at  Pusa  to  be  able  to  resist  the  Wax-moth.  To 
import  each  colony  of  the  Itahan  Bee  costs  about  Rs.  100.  Importa- 
tion of  colonies  on  a  large  scale  by  intending  bee-keepers  will  therefore 
not  be  possible  and  is  not  desirable  unless  through  an  agency  which 
can  check  the  introduction  of  diseases.  Arrangements  have  to  be  made 
so  that  colonies  may  be  available  at  a  Small  cost,  say  Rs.  10  or  15.  For 
this  purpose  an  apiary  with  imported  colonies  should  be  established  in  a 
Suitable  locality.  The  colonies  can  be  multiplied  and  the  new  colonies 
which  are  obtained  can  be  sold  to  the  public.  Numerous  inquiries 
are  received  from  the  public  regarding  bee-keeping.  If  a  good  honey- 
gathering  bee  like  the  Italian  bee  can  be  rendered  available  in  India 
at  a  small  cost,  bee-keeping  is  expected  to  make  very  rapid  progress. 

In  advanced  countries  various  attempts  are  made  to  popularize 
bee-keeping,  by  teaching  apiculture  in  Agricultural  schools  and  colleges, 
by  distributing  popular  leaflets,  by  sending  out  itmerant  lecturers,  by 
holding  apicultural  shows  and  through  journals  and  papers  devoted  to 
the  subject  of  bee-keeping.  In  order  to  contend  successfully  against 
bee-diseases  (none  of  which  is'  at  present  noticeable  in  India)  there  are 
in  most  countries  State  agencies  backed  by  acts  and  regulations.  In 
Australia,  in  order  to  provide  an  outlet  for  the  large  quantities  of  honey 
produced  there.  Government  has  instituted  a  Co-operative  Union  in 
which  farmers  have  shares. 

To  make  a  beginning  in  bee-keeping  in  this  country  some  persons 
from  different  parts  may  be  asked  to  keep  a  few  colonies  after  giving 
them  a  preliminary  instruction  at  the  apiary.  Such  men  will  always 
be  forthcoming.  They  will  pay  for  their  appliances  as  well  as  for  the 
bees.  In  this  manner  the  knowledge  of  modern  bee-keeping  can  be 
spread  without  any  Government  agency. 

A  small  apiary  of  the  kind  suggested  here  was  established  at  Pusa 
with  Italian  Bees  and  worked  from  1910  to  1913.  At  no  period  of  this 
experiment  were  more  than  three  colonies  available  for  work  and  as  it 
Avas  intended  first  of  all  to  test  the  yield  of  honey,  there  were  not  sufficient 
opportunities  for  multiplying  the  colonies.  As  explained  above,  new 
colonies  can  be  formed  out  of  existing  ones  by  separating  a  nmnber  of 
workers  with  a  new  fertilized  queen.     Such  a  newly-formed  small  colony 
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is  known  as  a  nucleus.  Formation  of  nucleus  hives  is  possible  when 
the  colonies  become  strong  in  the  season  of  honey  flow,  which  coincides 
with  the  hot  weather  at  Pusa  in  March-April.  For  nucleus  hives  the 
first  necessity  is  a  fertilized  queen.  During  the  experiment  at  Pusa 
46  attempts  were  made  to  form  nucleus  hives.  In  38  cases,  viz.,  34 
between  January  and  May  and  4  between  August  and  October,  the 
queens  had  full  opportunities  of  fertilization  but  only  three  of  them 
could  mate  and  come  back  to  the  hive,  one  being  in  March,  one  in  August 
and  one  in  October.  The  loss  of  so  many  queens  was  due  to  imfavour- 
able  climatic  conditions  principally.  The  scorching  heat  and  high 
West  winds  prevailing  during  the  middle  of  the  day,  when  the  queens 
went  out  on  their  nuptial  flight,  killed  most  of  them.  They  did  not 
come  back  to  the  hives.  Predaceous  birds  might  have  snapped  .up  a  few 
hut  birds  are  not  probably  very  important.  In  the  hot  weather  only 
one  queen  out  of  34  succeeded  in  mating  and  retiu-ning  to  the  hive, 
while  in  autumn  two  out  of  four  were  successful.  In  autumn  however, 
the  honey-flow  is  very  poor  at  Pusa  and  queen-rearing  operations  on  a 
large  scale  are  not  possible.  All  of  the  three  queens  reared  and  fertilized 
at  Pusa  were  descended  from  the  same  mother  and  mated  with  the  drones 
of  the  same  colony.  Probably  on  account  of  inbreeding  and,  it  may  be, 
the  enervating  influences  of  the  climate,  none  of  them  remained  prolific 
for  more  than  a  year.  But  the  imported  queens  remained  so  for  the 
full  periods  recorded  in  other  countries.  Attempts  at  importing  queens 
by  post  from  England  were  not  successful.  Pusa  has  proved  to  be  very 
imsuitable  for  apicultural  operations  of  the  kind  necessary  for  establish- 
ing the  bee-keeping  industry  in  India.  No  jDlace  in  the  Plains  will 
probably  be  suitable.  The  writer  has  visited  the  Hill  Stations  at  Shillong, 
Darjiling  and  Naini  Tal  and  to  him  Shillong  seems  to  be  very 
favourable.  An  apiary  with  at  least  twenty  colonies  should  be  started 
at  Shillong,  where  multiplication  of  colonies  and  also  rearing  of  queens 
for  sale  can  be  carried  on,  both  in  October-November  and  in  the  spring. 
For  imparting  instruction  to  the  public  an  additional  apiary  in  some 
easily  accessible  place  in  the  Plains  will  be  necessary  later  on. 

Beeswax. 
Beeswax  is  obtained  by  melting  the  honey-combs.  The  large  combs 
of  the  Rock  Bee  and  to  a  less  extent  the  combs  of  the  Indian  Bee  are 
the  sources  of  beeswax  in  India  which  has  an  yearly  export  trade  in 
this  substance  of  the  value  of  about  seven  lakhs  of  rupees.  The  wax  is 
gathered  from  the  bees  by  hill  and-  wild  tribes  and  other  professional 
gatherers.     The  Forest  Department  leases  out  the  right  to  collect  the 
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wild  combs  every  year.  The  small  lots  of  wax  are  collected  from  the 
producers  by  local  agents  of  firms  in  big  centres  iilce  Calcutta.  These 
firms  make  over  the  wax  to  dealers  who  export  the  major  portion  to 
foreign  countries  and  sell  the  remainder  to  meet  the  demand  in  the 
counrry.  The  wax  trade  is  almost  entirely  in  the  hands  of  Indians 
who  are  mostly  the  enterprising  Marwaris.  The  export  to  foreign 
countries  goes  through  European  firms. 

The  Indian  beeswax  has  acquired  a  bad  reputation  for  adulteration 
which  can  however  be  prevented.  It  is  not  intended  to  go  into  this 
question   in   this   paper. 

Improvements  are  possible  in  the  method  of  extracting  the  wax 
from  the  combs.  A  sample  extracted  according  to  improved  methods 
was  valued  in  the  Calcutta  market  at  Rs.  85  per  mmind  of  82  lb.  in 
1911,  while  the  best  wax  extracted  according  to  current  methods  was 
selling  at  Rs.  80. 

The  supply  of  beeswax  from  India  will  increase  with  the  establish- 
ment and  progress  of  bee-keeping  as  a  regular  industry.  No  data  are 
available  in  India  to  prove  this,  but  a  reasonable  inference  can  be  made 
from  experience  in  other  countries.  The  following  figures  are  available 
to  the  \%Titer  just  at  present.  In  1850  the  production  of  honey  and 
wax  in  the  United  States  of  America  was  together  about  14,800.000  lb. 
Improved  methods  in  bee-keeping  were  introduced  there  in  1853.  In 
1860  the  amount  of  honey  produced  was  23,400,000  lb.  and  that  of 
wax  was  1,330,000  lb.  In  1900,  the  amount  of  honey  was  61,200,000 
lb.  and  that  of  wax  was  1,800,000  lb. 

Immediate  Improvements. 
Leaving  aside  the  question  of  the  prospective  industry,  an  immediate 
improvement  in  the  existing  conditions  can  be  effected  by  the  introduc- 
tion of  proper  methods  in  extracting  the  honey  from  the  wild  combs. 
At  present  the  honey  produced  in  India  is  not  fit  to  be  used  as  a  market- 
able article.  As  it  does  not  keep  long,  it  is  consumed  principally  in 
the  localities  where  it  is  produced.  It  can  be  extracted  in  a  pure  condi- 
tion by  the  use  of  "  honey  extractors  "  and  stocked  in  vessels,  such  as 
properly  closed  bottles  and  tins,  which  will  prevent  it  from  absorbing 
moisture.  Then  it  will  not  ferment  and  will  fetch  its  proper  price.  In 
this  mamier  several  million  pounds  of  a  very  desirable  and  highly  prized 
substitute  for  sugar  can  be  rendered  available  to  the  people  at  large. 

Mr.  Ghosh  has  said  that  we  could  not  get  the  queen-bees  fertilized 
at  Pusp,  chiefly  on  account  of  the  climatic  conditions,  but  I  believe  this 
was  rather  due  to  the  part  played  by  the  Bee-eaters. 
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As  regards  obtaining  better  honey-yielders,  we  must  be  on  our  guard 
in  introducing  bees  from  other  countries.  Most  countries  outside  of 
India  have  some  bee-disease,  and  we  run  at  present  considerable  risk  of 
getting  these  diseases  brought  into  India  by  the  importation  of  bees  by 
well-meaning  but  irresponsible  people.  I  myself  know  of  one  case  of  a 
man  who  was  keeping  bees  at  Ootacamund  and  who  introduced  a  colony 
from  abroad.  On  arrival  of  the  colony  he  found  that  it  was  affected 
with  Foul  Brood  and,  realizing  the  danger,  he  burnt  the  whole  lot.  But 
how  many  people  who  might  send  for  bees  from  abroad  would  do  that  ? 
How  many  would  have  the  knowledge  to  recognize  that  the  bees  were 
diseased  or  the  public  spirit  to  destroy  them  ?  In  England  of  late 
years  the  whole  of  the  South  of  England  has  suffered  very  badly  from 
Isle  of  Wight  Disease,  so  much  so,  that  I  believe  that  there  has  been 
considerable  failure  in  orchards  owing  to  the  want  of  bees  to  pollinate 
the  flowers.  In  a  country  like  India,  where  we  have  wild  honey  bees 
of  one  or  more  kinds  in  every  district,  a  disease,  once  introduced,  would 
he  impossible  to  deal  with.  In  this  connection  I  think  we  shall  have  to 
consider  whether  it  is  not  necessary  to  impose  some  restrictions  on  the  . 
importation  of  bees  into  India.  At  the  time  when  the  Pest  Act  was 
under  consideration  I  suggested  this,  but  it  was  considered  that  the 
Act  could  not  be  made  applicable  to  bees  as  they  could  not  be  regarded 
as  crops.  So  we  must  apparently  have  another  Act  to  deal  specifically 
with  bees  and  bee-products.  In  South  Africa  there  are  restrictions  on 
the  importation  of  bees  and  bees-wax.  We  in  India  receive  honey 
and  probably  also  wax  from  Australia  and  California.  Of  course,  honey 
does  not  carry  disease  unless  it  comes  from  infected  colonies  and  is 
actually  eaten  by  bees. 

In  Egypt  the  importation  of  bees  is  only  permitted  by  license  and  it  Dr.  Gough. 
is  not  our  intention  to  get  bees  from  countries  where  there  is  disease. 
Importation  from  England  is  not  permitted  and  from  Italy  only  the 
queens  can  be  imported.  Our  bee-keeping  is  conducted  principally 'with 
Ajns  fasciata,  which  is  a  native  Egyptian  species,  smaller  than  the  Euro- 
]iean  bee.  It  is  not  si  good  honey-producer  but,  when  crossed  with  the 
Italian  bee,  gives  a  very  good  yield,  anything  about  60  lb.  a  year.  In 
the  Orient  bees  suSer  from  a  wasp.  To  counteract  this  they  produce 
a  large  number  of  queens.  The  Egyptian  bee  produces  an  enormous 
number,  and  as  many  as  365  queens  have  been  taken  from  one  swarm. 
In  Europe  six  queens,  produced  by  Italian  bees,  are  considered  a  large 
number. 

When  Egyptian  bees  swarm  the  first  queen  goes  with  the  first  swarm. 
This  swarm  is  never  large.  In  the  second  swarm  we  get  a  large  number 
of  queens.     I  have  taken  as  many  as  40  unfertilized  queens.     I  remove 
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all  except  two  and  so  get  a  fair  chance  of  fertilization.  The  large 
number  of  queens  is  with  a  view  to  accommodate  themselves  against  the 
attack  of  birds  and  wasps.  In  my  opinion  an  Egyptian  hybrid  would 
suit  India. 

Egyptian  bees  have  another  peculiar  habit.  In  honey-bees  all  the 
drones  are  usually  slaughtered  after  the  swarming  period,  but  the 
Egyptian  bee  keeps  the  drones  right  up  to  the  breeding  period  in  the 
next  year.  This  is  a  precaution  against  the  loss  of  the  queen  by  hornet 
attacks. 

In  Egypt  bees  hibernate  from  September  to  December.  It  is  then 
quite  warm  with  us  and  we  have  plenty  of  flowers  for  them,  but  the 
bees  go  into  hibernation  on  account  of  the  attacks  of  Vespa  orienialis. 
From  September  onwards  this  wasp  waits  in  front  of  the  bee-hive  and 
pounces  on  any  bee  that  comes  out.  The  bees  change  their  daily  flight 
as  the  result  of  these  attacks.  This  flight  that  they  make  for  cleansing 
purposes  takes  place  at  first  about  midday  and  it  is  postponed  and 
postponed  till  the  bees  come  out  after  sundown. 

The  Wax-moth  is  our  other  trouble  ;  it  is  one  of  the  two  great  troubles 
we  have  in  Egypt.  It  should  not  occur  if  the  colonies  are  strong  and 
there  is  sufficient  room  for  the  bees  to  be  able  to  get  about  under  and 
above  the  combs. 

Bee  keeping  is  the  most  important  minor  industry  in  Egypt.  We 
have  ten  thousand  apiaries  producing  an  income  of  £200,000. 

Vesfa  orienialis  is  probably  responsible  for  the  destruction  of  a 
half  of  the  colonies.  Large  sums  are  spent  in  catching  hornets  in  front 
of  the  hives.  I  have  now  invented  a  trap  which  is  placed  in  front  of 
the  bee-hive  with  a  bait  of  dates  ;  the  bees  can  get  in  and  out  of  it 
and  the  hornets  can  get  in  but  cannot  get  out. 

This  year  we  hope  to  obtain  a  credit  for  Apiary  work  and  we 
intend  starting  apiaries  in  schools.  Formerly  we  used  to  finance  apiary 
work  out  of  our  Experimental  Credit. 

What   is   this   Experimental   Credit  ? 

It  is  difficult  to  estimate  in  advance  the  money  to  be  spent  on  experi- 
mental work  during  the  year  and  we  have  a  system  by  which  a  certain 
smn  is  allotted  to  us,  not  split  up  into  subheads,  for  labour,  purchases,  etc. 
Our  Experimental  Credit  up  to  last  year  was  £1,000.  Research  cannot 
be  carried  out  to  a  successful  issue  without  experiments  and  one  cannot 
carry  out  experiments  without  Experimental  Credit. 

Ho^Y  do  you  kill  hornets  ? 

We  mark  down  the  nest  and  pour  down  carbon  bisulphide.  The 
hornets  come  to  the  bee- hive  along  a  regular  road  ;  they  make  a  straight 
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line  from  their  nests  and  we  have  thus  discovered  a  large  number  of 
nests  and  destroyed  them.  The  nests  are  built  in  old  walls,  7ialla  banks, 
and  vertically  down  in  the  desert.  The  distance  that  Vesfa  will  fly  to 
attack  a  hive  has  been  found  to  be  as  much  as  five  miles  in  a  straight 
line.  Tesfa  makes  its  nests  in  a  hollow  in  the  wall  and  the  nest  projects 
out.  The  best  way  to  find  it  is  to  look  at  the  foot  of  the  wall  and,  if 
you  come  across  a  small  heap  of  stones  about  1  cm.  in  diameter,  then 
look  above  it  and  you  will  find  a  hornet's  nest. 

Anything  done  to  improve  the  bees  at  Pusa  ?  Ayyar*""* 

We  have  been  trying.     But.  as  I  have  already  said,  the  greatest  yield  Mr.  Ghosh, 
we  have  had  is  16  lb.  and  that  too  from  a  colony  of    Apis  indica  which 
received  about  three  times  the  care  bestowed  on  the  Italian  bees  here. 

It    will    be    useful    to  introduce  the  Egyptian  bastard  or  the  pure  D""-  Gooeb. 
Egyptian  bee  and  cross  it  with  the  Italian  bees.     I  can  guarantee  that 
it  is  free  from  disease,  and  you  get  a  good  quantity  of  honey. 

Probably  there  would  be  increase  in  yield  if  we  had  a  cross  between  Mr.  Ramakrishna 
the  Egyptian  bee  and  the  Indian.  Ayyar. 

The  Egyptian  bastard  or  Egyptian  pure  honey-bee  gives  quite  a  Dr-  Gough. 
good  yield. 

Father  Newton  has  done  some  work  on  the  Indian  bee  {Afis  indica)  Mr.  Ramakrishna 
and  he  has  no  idea  of  importing  bees  from  outside.     Afis  indica  can    ^^"' 
be  trained  to  work  better. 

He  inquired  from  us  lately  as  to  where  he  could  get  good  bees  from  Mr.  Fletcher, 
outside  of  India. 

If  you  read  his  article  you  will  find  that  his  yield  is  the  same  as  mine  Mr.  Ghosh, 
and  he  is  not  so  hopeful  as  you  think. 

The  Cyprian  bee  does  as  well  as  the  Italian.     It  produces  forty  to  Dr.  Gough. 

fifty  queens  and  so  there  is  a  chance  of  getting  a  fertilized  queen. 

We  require  smaller  frames  for  the  Indian  than  for  the  European  Mr.  Knnhi 
,  Kannan. 

bee. 

Our    bees   work    on  the   European   foundations    and  that  is  an  ^r.  Gough. 
advantage. 

We  have  our  own  machine  and  can  make  our  own  foundation-comb  Mr.  Fletcher^ 
to  suit  Afis  indica. 

Afis  indica  also  produces  many  queens,  about  thirty.     Unless  we  Mr.  Ghosh, 
import  colonies  by  Government  agency  we  cannot  do  anything.    It 
shou'd   be  remembered    that,    unless  this   is    done  by  Government, 
which  can  check  the  introduction  of  disease,  d'seases  are  sure  to  be 
introduced  one  day  by  private  people. 

It  is  dangerous  to  introduce  honey  bees  or  honey-food  and  it  is  D'-  Gough.. 
particular'y  dangerous  to  feed  bees  on  imported  honey  owing  to  the 
risk   of   introduction   of  bee-diseases. 
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I  think  we  might  have  a  Resolution  to  that  effect.  I  therefore 
propose  the  following  Resolution : — 

"  This  Meeting  considers  that  there  is  considerable  danger  of  the 
introduction  into  India  of  bee-dissases  by  the  unrestricted  importation 
of  bses,  beeswax  and  honey  from  countries  infected  with  such  diseases, 
and  that  such  importation  should  therefore  only  be  permitted  under 
necessary  restrictions." 

I  second  that  Resolution. 

[The  Resolution  was  thereupon  put  to  the  Meeting  and  carried  unani- 
mously.] 

As  to  the  loss  due  to  the  attacks  of  Wax-moth,  my  idea  is  that  the 
Wax-moth  attacks  when  the  colony  gets  weak  ;  when  you  have  a 
really  strong  colony,  the  Wax-moth  larvae  will  never  feel  happy 
inside  the  combs.  So  keep  your  colony  numerically  strong.  It  is  always 
useful  to  keep  one  inch  space  between  the  bottom  of  the  hive  and  the 
lower  bar  of  the  comb,  so  that  the  bees  have  enough  space  to  go  under. 
At  the  bottom  of  the  hive-box  there  is  always  some  debris  accumulated 
in  which  the  Wax-moth  caterpillars  are  sometimes  found  to  live  and 
thrive  ;  if  the  lower. bar  of  the  comb  be  very  near  the  bottom  of ^ the 
box,  the  caterpillars  will  crawl  up  and  attack  the  comb. 


42.— LAC-CULTURE  IN  INDIA. 
By  C.  S.  MiSRA,  B.A.,  First  Assistant  to  the  Imperial  Entomologist. 
From  ancient  history  it  is  known  that  lac  has  been  cultivated  in 
India  since  very  remote  times.  The  very  name  of  Palas  {Butea  frondosa) 
Laksha-taru,  shows  that  the  ancient  people  of  India  knew  the  tree  to 
nourish  a  iafo/ja— one  hundred  thousand  insects.  From  ancient  litera- 
ture it  is  also  evident  that  the  Rishis  of  India  prohibited  the  use  of  such 
Laksha-taru  twigs  as  had  small  scarlet  excrescences  on  them — possibly 
the  lac  encrustations.  In  the  Mahabharat  in  the  Adi-Parva  when  the 
Kauravas  meditated  destruction  of  the  Pandavas  they  requisitioned 
the  services  of  the  architect  Pm-ochak  to  construct  such  a  house  which 
would  destroy  them.  Purochak,  therefore,  decided  to  build  a  house 
of  Lac  which  when  once  ignited  would  soon  catch  fire  and  prevent  the 
Pandavas  from  escaping.  Early  in  250  A.D.,  iElian  mentioned  that 
there  was  an  insect  in  India  which  yielded  colouring  matter.  We  also 
find  Lac  mentioned  in  Ain-i-akbari.  In  1590  Akbar,  the  Great  Moghal 
Emperor,  laid  down  rules  for  the  proper  making  of  varnish  to  be  aj^plied 
to  the  doors  of  palaces.  We  have  the  first  descriptive  account  of  the 
resin    from    John    Huyglen  von  Linachoten  when  he  was  deputed  in 
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1596,  by  the  King  of  Portugal,  on  a  scientific  mission  to  tlie  East  Indies. 
Abu  Hanifa  also  mentions  it  and  recommends  its  use  as  a  medicinal 
thing.  In  1781  Dr.  Kerr  in  the  Philosophical  Transactions,  Vol.  LXX, 
p.  574,  was  the  first  to  describe  the  lac  insect.  Nine  years  later  in  1790 
Dr.  Eoxburgh  in  the  idsiatic  Researches,  Vol.  II,  pp.  360-366,  gave  a 
detailed  account  of  the  life-history  of  the  lac  insect.  Ten  years  later 
Dr.  Buchanan-Hamilton  was  the  first  to  publish  a  detailed  account  of 
the  propagation  and  cultivation  of  lac  in  India,  and  tluee  decades  after 
Dr.  Carter  in  1861  gave  an  account  of  the  internal  anatomy  of  the  insect 
and  this  account  was  reproduced  by  Mr.  J.  E.  O'Conor  in  his  Note  on 
Lac  Production,  Manufacture  and  Trade.  Of  late  a  large  amount  of 
literature  has  appeared,  but  this  relates  to  lac  either  grown  or  collected 
in  the  forests.  There  is  very  little  comprehensive  information  regarding 
the  industry  as  pursued  in  the  Plains  of  India  and  from  what  I  have 
seen  there  are  reasons  to  believe  that  this  aspect  of  the  industry  is  very 
widespread  in  the  Plains  and  provides  means  of  subsistence  to  thousands, 
if  not  millions,  of  the  poor  illiterate  masses — especially  the  aborigines 
who  inhabit  the  outskirts  of  forests  or  the  interior  of  districts  where 
the  host-plants  of  the  lac  insect  abound.  The  information  regarding 
cultivation  in  the  Plains  lies  scattered  in  the  District  Gazetteers  or  the 
Revenue  Reports  which  are  practically  inaccessible  to  the  public.  But 
for  all  this,  the  industry  is  very  important  to  an  agricultural  coimtry 
like  India,  where,  I  know  from  personal  observations,  it  forms  an  import- 
ant adjunct  to  agriculture  and  as  such  helps  the.  cultivators  in  such 
areas  to  tide  over  financial  stress  at  a  time  when  rates  are  low  and  cli- 
matic conditions  are  against  them  in,  disposing  of  their  produce  in  the 
market.  That  the  cultivation  is  widespread  and  important  is  evident 
from  the  export  figures  of  shellac  from  the  Port  of  Calcutta  alone.  As 
I  have  already  pointed  out  in  my  article  on  "  The  Present  Condition  of 
Lac  Cultivation  in  the  Plains  of  India  "  {Agri.  Jour.  India,  Vol.  XIII, 
Part  III,  July  1918)  the  exports  of  shellac  from  the  port  of  Calcutta 
only  have  been  as  follows  during  the  past  twelve  years  :^- 


Years 

Cases 

Weight 

in  Maunds 

(801b.) 

Price  per  Maund 

Total  value 

Rs.  A.  p. 

Rs.          A.    p. 

1905 

157,.53fi 

,      339,840 

87     0     0 

3,22,04,080     0     0 

1906 

156,502 

391,255 

107     0     0 

4,.  8,64,285     0     0 

1907 

206,789 

516,972 

102     0     0 

5,27,31,144     0     0 
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Years 

Cases 

Weight 

in  JIaunds 

(SO  lb.) 

P.  ice  rer 

Maund 

Total  ralue 

Rs 

Es.           .'.    P. 

1908 

222,112 

555,280 

57 

8     0 

3,19,28,600     0     0 

1909 

322,006 

805,015 

37 

8     0 

3,01,88,062     8     0 

1910 

289,996 

724,990 

40 

S     0 

2,93,62,095     0     0 

.1911 

235,339 

588,347 

37 

0     0 

2,17,68,839     0     0 

1912 

254,  Ul 

635,352 

34 

0     0 

2,19,19,644     0     0 

1913 

191,993 

479,982 

46 

0     0 

2,20,62,842     0     0 

1914 

231,831 

579,627 

35 

S     0 

2,05,76,658     8     0 

1915 

243,502 

608,755 

34 

0     0 

2,06,97,670     0     0 

1916 

230,681 

591.702 

55 

0     0 

3,25,43.610     0     0 

Thus  on  an  average  over  550  thousand  maunds  of  shellac  worth  about 
3  crores  of  rupees  are  sent  out  yearly  from  the  port  of  Calcutta  only. 
The  figures  of  exports  from  the  ports  of  Bombay  and  Karachi  are  not 
available.  If  these  vrere  available  it  would  have  been  seen  that  over 
700  thousands  maunds  of  shellac,  worth  over  4  crores  of  rupees,  are  sent 
out  of  the  country.  -To  produce  so  much  shellac  annually  at  least  140 
millions  lbs.  of  stick  lac  must  be  utilized.  If  to  this  be  added  the  internal 
consumption,  which  is  by  no  means  small,  it  would  be  found  that  the 
total  yearly  produce  of  stick-lac  must  be  not  less  than  170  to  200  millions 
lb'.,  and  if  we  take  the  yearly  average  individual  production  to  be  200 
lbs.  at  least  280,000  persons  must  be  deriving  their  subsistence  from 
the  industries,  besides  a  horde  of  manufacturers,  brokers,  salesmen, 
shippers,  wharfmen,  etc.,  the  numbers  of  persons  directly  or  indirectly 
benefitted  by  the  mdustry  will  be  found  to  be  very  large  indeed.  But 
in  spite  of  all  this,  nothing  has  been  done  in  the  past  to  resuscitate  the 
industry  and  put  it  on  a  sound  basis.  There  is  still  an  element  of  un- 
certainty in  the  whole  business  which  at  the  present  time  is  more  or  less 
of  a  speculative  nature  and  thus  deters  a  large  number  of  persons  going 
in  for  it.  There  is  a  very  trite  Hindi  saying  "  Lalh  naliin  to'  MaJc " 
apply  illustrating  the  speculative  nature  of  the  industry.  And  the 
wonder  is  that  with  all  the  uncertainties  of  a  precarious  crop  and  ever- 
shifting  market,  the  industry  has  been  able  to  hold  its  own  against 
various  circumventing  factors  which  at  various  times  seemed  to  engulf 
the  industry  and  reduce  it  to  the  same  status  as  a  once-flourishing  Indian 
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industry  has  been  reduced  to  now-a-days.  What  and  in  what  direction 
this  vitality  has  lain  is  known  to  those  who  have  paid  any  attention  to 
'the  industry  for  some  time.  The  e  are  years  of  depression  as  well  as 
inflation,  but  with  all  this  the  industry  has  existed  and  is  likely  to  exist 
for  some  time  to  come.  Whether  this  will  continue  for  ever  only  futurity 
can  decide.  But  I  am  sanguine,  if  proper  measures  will  be  taken  to 
safeguard  the  industry  even  so  late  as  now,  the  possibility  of  the  distur- 
bing factors  operating  early  will  at  least  be  avoided  or  indefinitely 
postponed.  The  industry  has  of  late  assumed  a  very  precarious  aspect. 
Hundreds  are  benefitted  suddenly,  whilst  equal  numbers,  if  not  more, 
are  more  or  less  affected  adversely  annually.  So  great  is  the  element  of 
uncertainty  that  few  dare  to  risk  their  money  either  in  cultivation  or 
in  manufacture,  and  the  fact  is  borne  out  by  the  low  prices  prior  to  the 
breaking  out  of  the  present  war  wlien  the  minimum  of  Rs.  32  per  maund 
of  shellac  was  touched.  During  the  great  war  fresh  uses  were  found 
for  the  commodity  and  prices  rose  by  leaps  and  bounds,  so  much  so, 
that  the  maximum  of  Rs.  135  per  maund  was  touched  for  a  few  days. 
There  was  a  general  scramble  ;  the  cultivator  as  well  as  the  manufac- 
turer was  anxious  to  make  the  most  of  the  temporary  Swell  in  prices. 
The  former  went  hunting  every  nook  and  corner  of  the  lac-producing 
areas  and,  I  am  told,  in  particular  lac-growing  tracts  so  great  was  the 
rush  that  even  fairly  large-Sized  trees  were  cut  down  for  the  sake  of  a 
few  seers  of  lac  on  them.  But  from  what  I  have  been  able  to  gather, 
the  cultivator  -^raS  not  much  better  off  than  he  was  before.  He  got 
some  but  not  the  amount  commensurate  with  the  labour  and  risks 
risked  by  him.  An  instance  of  this  I  can  cite  from  my  own  experience 
while  visiting  the  forests  in  Singbhum  with  the  late  Mr.  Charles 
Macdonald,  who  had  taken  a  contract  in  those  forests  in  1908-1909.  We 
saw  the  Kols  living  in  very  remote  corners  of  the  inacces.?ible  forests, 
looking  after  a  few  kusumb  trees  on  the  banlcs  of  a  nulla  frequented  by 
ail  sorts  of  wild  beasts.  We  saw  a  Kol  guarding  the  trees  right  in  the 
middle  of  December  with  hardly  any  covering  over  his  body,  except  a 
miserable  thatch  constructed  from  twigs  and  grasses  collected  locally. 
At  the  present  time,  as  well  as  in  the  past,  the  middleman  has  benefitted 
himself  the  most,  doling  out  a  miserable  pittance  to  the  all-important 
cultivator  who  risks  all,  even  his  life,  for  the  sake  of  a  few  seers  of  crude 
lac  on  the  trees.  Hitherto  the  cultivation  has  been  confined  to  India, 
Burma  and  to  some  extent  Indo-China,  Annam  and  Cambodia.  But 
the  majority  of  the  world's  demand  is  met  with  from  India.  Recently 
attempts  were  either  made  or  are  being  made  to  grow  lac  in  Formosa 
by  the  Japanese  on  S.  trijuga,  a  tree  which  grows  in  numbers  there  as  a 
shade  tree  to  camphor  trees,  by  the  Germans  at  Araani  in  South-East 
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Africa  and  to  some  extent  in  Egypt.  That  the  industry  is  an  important 
one  in  Indo-China  (Tonkin,  etc.)  is  shown  by  the  fact  that  a  detailed 
account  of  cultivation,  refinement  and  manufacture  of  lac  is  given  in 
BnUetin  Econoniique  de  L'Indo  Chine,  No.  116,  November-December 
1915,  pp.  872-944.  Here  the  methods  of  refinement  are  very  much 
like  those  adopted  in  this  country,  excepting  that  a  wider  use  is  made 
of  the  essences  obtained  fi'om  the  bye-products  of  lac.  The  writer  in 
the  bulletin  quoted  above  has  summarized  the  industry  in  Tonkin  and 
has  largely  drawn  upon  the  Lac  Bulletin  issued  by  me  in  1912.  The 
processes  of  refinement  in  that  country  appear  to  be  the  same  as  those 
adopted  in  this  country  and  it  is  rather  strange  to  see  that  the  methods 
of  manufacturing  shellac  adopted  in  that  country  are  as  antiquated  as- 
those  adopted  in  this  country  and  seem  to  be  a  copy  of  those  adopted 
ill  this  country  from  times  remote. 

Besides  the  lac  produced  in  India,  there  is  another  kind  of  resin-, 
produced  in  Madagascar  by  Gascardia  tnadagascarensis,  Targioni- 
Tozzetti  (Tar.  Tozzetti,  p.  425,  1894).  This  fact  was  first  brought  into- 
prominence  by  M.  A.  Gascard  in  1893  {Contribution  a  Vetude  des  Gommes' 
Laques  des  hides  et  de  Madagascar,  D'edit.  Sci.  Paris,  also  Bidl.  Soc. 
Ent.  Italy,  Vol.  XXVI,  pp.  457-464,  1894).  But  the  msect  producing- 
this  differs  considerably  fiom  that  producing  lac  in  structural 
details. 

Lac  was  first  sought  after  when  the  prices  of  cochmeal  rose  high. 
As  is  known  cochineal  is  used  for  dyeing  silk  and  even  now,  when  the 
prices  of  the  colouring  matter  are  very  high,  ij;  is  still  used  for  giving 
those  delicate  shades  to  silk  which  cannot  be  done  with  synthetic  dyes. 
In  the  beginning,  lac  met  with  the  same  fate  as  tea,  where  the  decoction 
was  throwTi  away  and  the  boiled  leaves  were  ii.sed  for  chewing.  In  this 
case  the  resin  was  not  utilized  commercially  and  was  considered  a  waste 
product  ill  much  the  same  hght  as  lac  dye  has  come  to  be  considered 
now-a-days.  From  1814  lac-dye  began  to  be  exported  in  increasing 
quantities.  The  maximum  was  reached  in  the  years  1822,  1824  and 
1826  when  760,729  lb.  were  exported.  The  exports  began  to  decline 
rapidly  from  1882-1883  until  it  became  practically  extinct  m  1896-1897.- 
In  1900  the  total  quantity  of  lac-dye  exported  was  only  a  ton.  Corre- 
sponding to  this  decrease,  the  resin  in  the  form  of  shellac  has  been  rising 
continuously.  The  figures  for  the  twelve  years  1905-1916  have  been 
already  given  above. 

From  those  figures  it  will  be  seen  that  over  591,702  lb.  of  shellac- 
worth  3:25,43,610  rupees  were  exported  from  the  port  of  Calcutta  only. 
Had  such  figures  been  available  for  the  other  Indian  ports,  Bombay, 
Mp.dras  and  Karachi,  it  would  be  safe  to  reckon  the  total  production. 
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•together  with  the  internal  consumption  to  be  not  less  than  60  million 
:Ib.  of  shellac.  To  produce  this  quantity  of  shellac,  160  to  170  million 
pounds  of  crude  lac  must  be  produced  yearly  to  meet  the  increasing 
demand,  and  as  fresh  uses  are  being  found  every  year  there  is  every 
likelihood  of  the  consumption  being  increased.  But  with  increased 
consumption  the  prices  are  bound  to  rise  and  if  these  go  beyond  a  certain 
limit,  as  was  the  case  with  cochineal,  the  attention  of  the  consumers 
is  bound  to  be  attracted  to  a  cheap  gubstitute.  I  may  here  inform  you 
that  the  greatest  danger  in  this  direction  was  the  German  exploitation 
of  this  old  Indian  Industry  and  everyone  interested  in  the  Industry  was 
conscious!  of  this  possibility,  just  as  has  happened  in  another  old  Industry, 
Indigo.  But  now  that  the  great  war  is  over  and  schemes  are  being 
considered  for  development  within  the  Empire,  I  am  sanguine,  some 
steps  will  be  taken  to  resuscitate  the  industry  on  thorough  scientific 
and  business  principles,  which  will  be  both  profitable  to  all  the  parties 
concerned  in  the  cultivation,  production  and  consumption  of  the  article. 
Hitherto  the  lion's  share  of  the  profits  hag  gone  to  the  manufacturer  and 
the  middlemen,  factors  which  contribute  very  little  to  the  resuscitation 
of  the  industry  and  amelioration  of  the  condition  of  the  poor,  illiterate 
cultivators  who,  in  some  localities,  risk  their  lives  for  the  sake  of  a  few 
lb.  of  the  crude  material,  and  you  would  be  perhaps  astonished  to  hear 
that  whilst  during  the  war  the  prices  of  a  maund  (82  lb.)  of  shellac 
touched  their  highest  watermark  of  Rs.  135  per  maund,  the  only  visible 
increase  obtaiued  by  the  cultivators  m  remote  corners  of  regions  producing 
lac  was  only  an  iucrease  of  two  to  five  annas  only.  Prior  to  the  breaking 
out  of  the  great  war,  the  prices  had  touched  their  lowest,  i.e.,  Rs.  27  to 
Rs.  32  per  maund  and  by  the  end  of  the  war  they  had  gone  up  as  high 
as  Rs.  135  a  maund.  With  an  improvement  of  about  500  per  cent', 
on  the  manufacturer's  side  the  improvement  on  the  cultivator's  side 
has  been  less  than  50  per  cent.  even.  This  is  a  wide  gap  to  be  reconciled 
and  I  don't  think  it  is  possible  to  effect  any  appreciable  changes  in  the 
near  future.  The  machmery  at  present  operating  has  been  in  existence 
since  time  immemorial  and  it  will  be  hard,  if  not  impossible,  for  any 
industrial  reformer,  private  or  official,  to  effect  any  appreciable  change 
within  the  span  of  his  official  life.  All  that  he  can  do  is  to  touch  the 
remotest  fringe  and  to  leave  the  future  for  further  improvement  to  be 
effected  by  more  workers  in  the  cause  imbued  with  fresh  energies  and 
ideas  to  estabhsh  the  industry  on  sound  economic  lines. 

As  I  have  already  pointed  out  in  my  article  in  the  Agricultural  Journal 
of  India  (Vol.  XIII,  Part  III,  July  1918,  pp.  405-415)  the  treatment 
of  seedlac  with  an  alkali  worth  only  a  few  annas  practically  doubled  the 
prices,  and  I  cannot  do  better  than  once  more  quote  here  in    verbatin 
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the  report  on  the  samples  by  Messrs,   Parson  and  Keith,    Brokers,. 
London. 


■ 

Untreated 

Treated 

Remarks 

Kusiimb  {Schlfi- 

459.       per       cwt.= 

85s.perewt.= 

Very  fine,  bold  clean  seed- 

chera  Irijuga). 

Rs.    24-11-3  a  md. 

Rs.   46-10-9   a 

lac.     We  have  not  seen 

(821b.) 

md.  (82  lb.) 

any  as  good  as  this 
before           here.     There 

(Good  quality,   only 

would  be  a  good  ready 

a  limited  sale.) 

sale  here  if  the  price 
could  compete  with  fine 
orange       shellac         and 

Karachi         seedlac.     In 

Karachi  there  is  a  fairly 

large  business  done,  but 

this    quality    would    be 

preferred  bj"  buyers. 

Palaa          {Biiteci 

35s.       per      cwt.=  ' 

753.    per  cwt.= 

Good  quality,  pale  seedlac 

frondosa). 

Rs.    19-3-6    a    md. 

RS.42-2-U     a 

rather  small.     The  same 

(82  lb.)       Small 

md.  (82  lb.) 

remarks  apply  to  this. 

stiok-lac    not    very 

saleable.                    , 

'■  Before  speaking  with  absolute  certainty,  we  shall  have  to  test  the  sam  pies 

Shipment  of  20  to  l'5  baps  of  each  quality." 

This  shows  what  could  be  done  to  effect  improvements  consonant 
with  the  requirements  of  the  consumers,  thereby  benefitting  the  pro- 
ducers, whose  income  from  innovations  is  bound  to  improve,  thereby 
giving  them  fresh  impetus  to  improve  their  hereditary  industry  instead 
of  congregating  in  numbers  in  the  already  congested  towns  in  search 
of  employment.  I  think  what  has  been  done  barely  touches  the  fi-inge 
of  the  present  as  well  as  the  future  requirements,  and  brings  to  the  fore 
the  question  of  more  workers  with  fresh  ideas  to  tackle  the  problem  in  its 
varied  aspects.  The  subject,  I  think,  can  be  taken  up  for  the  present 
in  its  three  broad  a.spects  from  (1)  biological,  (2)  chemical  and  (3) 
mechanical  aspects  and  I  think  I  should  not  detain  you  any  longer  with 
minute  details  of  these. 

But  before  coming  to  a  fuller  consideration  of  the  three  aspects  of 
the  industry  mentioned  above,  it  would  be  well  to  get  a  glimpse  of  the 
industry  as  it  stands  at  present  in  the  various  provinces  of  India.  As 
regards  cultivation  and  collection  of  stick-lac,  Assam,  Bihar  and  Orissa, 
and  the  Central  Provinces  rank  foremost.  Thereafter  come  the  other 
provinces  such  as  the  United  Provinces,  the  Punjab,  Bengal,  Bombay, 
etc.,  and  I  cannot  do  better  than  give  a  short  account  of  each  province. 

Assam.  The  districts  where  lac  in  quantity  is  grown  or  cultivated 
are : — Sibsagar.    Nowgong,    Cachar,    Kamrup,    Garo    and    Khasi    Hills, 
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North  Cachar  Hills,  Sylhet,  Darrang,  Lakhimpur  and  the  Native  State  of 
Manipur.  The  chief  Mts  are  Palasbari,  Chhayagaon  and  Boku.  The 
main  host  plants  of  the  lac  insect  are  Cajanus  indicus,  Grewia,  Kijdia 
and  Fkus  spp. 

Bihar  and  Orissa.  The  districts  where  quantities  of  lac  are  collected 
are : — Palamau,  Singhbhum,  Sonthal  Parganas,  Manbhum,  Gaya, 
Hazaribagh,  Sambalpur  and  Lohardaga.  The  chief  centres  of  lac  are 
Daltonganj,  Haripur  Hat,  Puraha,  Jhalda,  Ranchi,  Goilkera  and 
Chaibassa.  Fifteen  thousand  maunds  are  said  to  be  produced  yearly 
in  the  Palamau  District,  12,000  maunds  in  Gaya,  2,000  maunds  in  Hazari- 
bagh, 15,000  maunds  in  Purulia,  and  there  is  great  room  for  expansion 
in  these  as  well  as  other  adjoining  districts. 

The  chief  hosts  of  the  lac  insect  are  Butea  frondosa,  Schleichera 
trijuga  and  Zizyphus  jujuba.  During  1917-18,  the  lac  exj^orts  from  the 
province  were  worth  Rs.  13,38,00)  {vide  Report  on  Trade  of  Bihar  ami 
Orissa,  1917-18).  In  my  ojmiion  there  are  great  possibilities  of  develop- 
ment in  this  Province  alone,  provided  the  host  plants  of  the  lac  insect 
are  utilized  to  their  utmost,  better  methods  of  cultivation  and  collection 
are  practised,  and  provided  there  are  better  facilities  for  obtaining 
healthy  brood-lac  near  at  hand  and  in  sufficient  quantities  at  the  required 
time.  I  know  from  personal  experience  that  there  are  vast  areas  full 
of  Palas,  and  if  these  are  utihzed  fully  the  total  produce  from  this  Pro- 
vince only  will  nearly  equal  the  quantity  produced  throughout  the 
country  exceptmg  the  Central  Provinces,  which  regarding  lac  cultiva- 
tion no  doubt  occupy  the  premier  position  and  like  this  province 
await  development   on   proper   lines. 

The  Central  Provinces.  The  districts  where  quantities  of  lac  are 
collected  are  : — Raijmr  ;  Bilaspur  ;  Saugor  ;  Mandla  ;  Hoshangabad, 
Sobhapur,  Babai,  Barkhari,  Futtahpur  l  Damoh,  Narsingpur,  Jabbalpur  ; 
Balaghat  ;  Bhandara  ;  Seoni  and  Betul.  The  mam  food-plants  are 
Zizijphus  jujuba  and  Z.  xylopijra,  Butea  frondosa,  Schleichera  trijuga 
and  Acacia  catechu.  The  south-eastern  parts  of  the  province  contain  a 
large  number  of  S.  trijuga  trees  which  produce  the  finest  lac  from  which 
pale-yellow  or  orange  shellac  is  manufactured.  The  province  as  a 
whole  could  Supply  from  54  to  60  million  lb.  of  stick  lac  if  properly 
worked.  Nearly  the  whole  of  the  produce  was  sent  to  Mirzapur,  but 
now  a  great  portion  finds  its  way  to  Calcutta.  Besides  these,  there 
are  considerable  areas  in  Berar  where  lac  is  locally  cultivated  and 
collected,  especially  the  Nandurbar  forests,  and  as  this  area  abuts  on  the 
Hyderabad  State,  where  active  steps  are  now  being  taken  to  start  lac 
cultivation,  there  is  every  possibiUty  of  this  area  becoming  an  important 
lac-growing  centre  in  course  of  time. 
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The  United  Provinces.  The  cultivation  and  collection  of  lac  in  these 
Provinces  are  not  so  extensive  as  in  the  Provinces  noted  above.  Lac 
is,  however,  locally  collected  in  the  Garhwal  Forests,  Saharanpiir  (a 
part  only),  Kheri,  Pilibhit,  Kumaon,  Gonda,  Bandelkhand,  Bahraich, 
Siwalilv  range,  Rae  Bareli  and  Partabgarh.  The  host  plants  are  Buten 
frondosa,  Ficus  spjj.  and  Zizyphiis  ocylopyra.  Besides  these,  there  are 
small  collections  which  are  utilized  locally  for  the  manufacture  of  toys 
and  bangles.  The  climatic  conditions  are  in  some  localities  a  bar  to 
the  further  extension  of  the  cultivation,  but  on  the  other  hand  there 
are  places  which  are  quite  Suitable  for  cultivation  provided  good  and 
cheap  broodlac  is  at  hand  to  be  put  on  the  Palas  trees  which  abound 
in  the  plains  districts.  Mirzapur  is  an  important  centre  of  lac  cultiva- 
tion and  manufacture  and  for  nearly  a  century  it  was  the  only  centre 
of  shellac  manufacture  in  Northern  India.  Even  now,  in  almost  all  the 
factories  in  Calcutta,  Ranchi,  Purulia  and  other  shellac-manufacturing 
places,  the  expert  labour  is  wholly  drawn  from  Mirzapur.  These  people 
move  in  families  to  remote  places  to  earn  their  livelihood  as  shellac 
manufacturers  and  some  of  them  are  so  clever  that  they  cannot  be  dis- 
placed easily  by  local  men  without  jeopardizing  the  interests  of  the  manu- 
facturer. The  hilly,  as  well  as  the  submontane  tracts,  as  well  as  those 
adjoining  the  Vindhya  mountains  should  suit  for  the  propagation  of 
the  lac  insect,  but  actual  experiments  have  to  be  made  to  prove  this. 

The  Punjab.  As  in  the  United  Provinces,  there  are  large  tracts 
wherein  regular  cultivation  and  collection  are  practised.  There  are 
local  collections  in  Gujrat,  Ambala,  Jalandhar,  Hoshiarpur,  GurdaSpur 
and  the  Kapurthala  State.  In  Hoshiarpur,  it  is  said,  three  to  four 
thousands  of  niaunds  are  collected  locally  and  the  produce  finds  its 
way  to  the  shellac  factories  at  Amritsar.  Lac  is  found  growing  sponta- 
neously on  Ficus  spp.,  Bufea,  Acacia  and  Zizyphiis.  On  the  whole 
the  collections  are  not  very  large,  but  in  some  tracts  the  host  plants  are 
present  in  numbers  and  only  experiments  can  show  whether  these  could 
be  \ised  for  the  propagation  of  the  lac  insect,  so  as  to  yield  some  income. 

Bengal.  Lac  to  some  extent  is  grown  and  collected  in  the  districts 
of  Birbhum,  Murshidabad,  Bankura,  ilidnapur  and  Rangpur.  The 
host  i^lants  are  Butea,  Zizyphus  and  Schleichera.  There  are  considerable 
areas  in  Birbhum,  Midnapur  and  Banlaira  districts  which  could  be  utili- 
zed for  lac  cultivation  as  these  abound  with  Butea  frondosa  plants.  In 
the  Murshidabad  district,  Z.  jujuba  plants  are  grown  on  field  embank- 
ments and  are  annually  inoculated  with  lac  which  the  cultivators  pur- 
chase in  the  local  hats.  I  he  System  of  cultivation  is  quite  unique  and 
I  have  not  seen  anything  like  this  attempted  in  other  parts  of  India. 
The  plants  are  pollarded  very  carefully  and  inoculated  with  lac  when 
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they  have  got  a  number  of  loog,  succulent  stems.  The  plants  appear 
very  trim,  bushy  and  luxuriant  in  growth  with  a  good  number  of 
healthy  stems.  The  produce  from  the  trees  is  either  reserved  for  seed 
or  scraped  and  sold  locally.  The  little  extra  income  that  the  cultivator 
gets  i.s  used  to  pay  the  rents,  leaving  the  produce  of  the  fields  for  the 
use  of  his  family.  A  cultivator  having  10  to  20  trees  pollards  10  trees 
during  December  when  they  are  dormant  and  utihzeS  the  broodlac  from 
the  other  trees  for  inoculating  them  in  June  and  selling  the  surplus  as 
broodlac  in  the  local  hdl.  In  this  way,  he  seldom  gets  seed  from  outside 
and  is  able  to  utilize  the  Zizijphus  trees  fully  for  the  production  of  lac. 
When  the  market  rates  for  stick-lac  are  high,  the  cultivator  is  able  to 
pay  off  the  rents  from  the  sale  proceeds  of  his  trees,  without  having  the 
necessity  of  obtaining  money  on  loan.  In  pruning,  inoculating,  cutting 
and  scraping  lac  from  trees  on  his  field-embankments,  the  cultivator 
is  assisted  by  the  members  of  his  family  and  has  not  to  pay  for  extra 
labour.  This  leaves  him  an  ample  margin  wherewith  to  continue  the 
cultivation  from  year  to  year.  An  extension  of  this  system  widely 
throughout  the  districts  and  the  adjoining  places  is  bound  to  improve 
the  material  condition  of  the  cultivators,  as  with  the  sale  proceeds  of 
the  subsidiary  produce  they  will  be  able  to  pay  off  the  rent,  thereby 
retaining  the  produce  of  the  fields  entirely  to  themselves.  In  doing 
this  not  much  time  or  labour  is  required  and  the  whole  work  is  managed 
easily  by  a  cultivator  assisted  by  the  members  of  his  family.  At  least 
I  was  much  struck  with  the  way  the  whole  work  was  carried  on  and  I 
wish  this,  system  could  be  adopted  in  other  similar  tracts  of  land  where 
rice  is  the  principal  crop. 

Bombay.  In  the  Presidency  not  much  lac  is  either  grown  or  collected, 
but  whatever  little  is  obtained  it  is  collected  in  Kolaba,  Surat,  North 
Thana,  Central  Thana,  South  Thana,  Panch  Mahals,  North  Khandesh, 
West  Khandesh,  East  Khandesh,  Nasik,  Satara,  Ali  Rajpur,  Udaipur, 
Deogad,  Baruja  and  Hyderabad  in  Siud.  The  principal  foodplants 
are  Butea,  Ficus  spp.,  Schleichem,  Ziztjphus  jujuba  and  Z.  xylopyra, 
Albizzia  lelbek.  Acacia  arabica.  Acacia  catechu,  Xylia  dolabriformis, 
Prosopis  spicigera  and  Eugenia  dalbergioides. 

In  Sind  lac  grows  on  Acacia  arabica  in  the  Jerruk  forests  near  Hydera- 
bad. Besides  this  tract,  I  have  not  seen  any  other  tract  where  lac  is 
found  growing  by  itself  on  the  Acacia  trees.  The  reason  why  the  insect 
should  not  flourish  on  the  same  food-plants,  say  in  the  north  of  Sind, 
is  not  known.  In  the  neighbourhood  of  Hyderabad  in  Sind  the  insect 
is  said  to  flourish  well  on  such  trees  only  as  are  either  low  in  vitality 
or  are  about  to  die.  The  reason  why  the  insect  should  show  partiality 
for  such  trees  only  is  not  kno\^Ti.     I  think  in  the  first  place  it  has  to  be 
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ascertained  whether  such  a  statement  is  true.  I  have  heard  some  such 
thing  repeated  very  often,  but  had  not  the  time  or  opportunities  to  inves- 
tigate the  truth  of  the  observation.  Anyhow,  it  remains  to  be  tested  br 
actual  experiments  whether  the  insect  will  propagate  itself  on  seedlings 
raised  from  seed  broadcasted  in  areas  adjoining  the  present  lac-producing 
areas  and  whether  the  broodlac  raised  on  these  could  be  utilized  for 
propagation  in  the  northern  parts  of  the  province.  In  this  connection 
it  has  also  to  be  determined  whether  the  influence  of  subsoil  water  has 
any  effect  on  the  growth  of  the  lac  insect  on  Acacia  trees,  and  whether 
the  alkalinity  of  the  soil  is  in  any  way  connected  with  the  growth  or 
deterioration  of  the  lac  insect  or  not. 

Madras.  Local  collections  only  are  made  in  Kanara  and  Mysore 
on  Shorea  talilra.  Some  lac  is  also  grown  and  collected  in  Ganjam  and 
Jeypxir  State.  There  are  also  local  collections  in  the  Omarkote  range 
within  an  area  of  200  sq.  miles.  The  majority  of  lac  used  in  the  Presi- 
dency is  obtained  from  Burma  and  the  silk-dyers  prefer  Burma  lac  whieh 
is  richer  in  colouring  matter  than  the  Indian  stuff.  The  lacquer  workers 
at  Channapatna  utilize  the  lac  grown  and  collected  locally.  Some  lac 
is  also  grown  in  Nandidrug  as  well  as  at  Anekal  and  Closepet  in  the 
Mysore  State  on  Shorea  taliira.  In  Travancore,  collections  are  made  in 
one  forest  range  only,  the  foodplants  being  Odina  wodier,  Ficus  religiosa, 
Careya  arborea,  SpatJiolobus  roxburghi.  But  with  the  organization 
of  the  Industries  Department  in  the  State,  considerable  attention  is 
being  paid  now  to  the  cultivation  on  scientific  lines  within  the  State,  and 
it  is  expected  that  the  suitable  portions  of  the  forest  may  be  sooii 
utihzed  for  the  production  of  lac  in  quantities  to  meet  the  local  demands 
as  well  as  those  of  the  neighbouring  Presidency. 

Ceylon.  The  Ceylon  Agricultural  and  Horticultural  Society  sent 
an  Agricultural  Inspector  for  traiiiing  in  lac  at  Pusa  and  on  his  return 
experimental  cultivation  was  started  on  Zizyphus  jiijuba  (Ceylonese- 
Masan)  and  SchJeichera  (rijvga  (Ceylonese-Kon)  and  it  was  reported  that 
the  lac  insect  had  flourished  well  on  the  latter  foodplant,  but  later  on 
Evblemma  Sp.  did  considerable  injury  to  lac  on  trees. 

Burma.  Lac  in  considerable  quantities  u.sed  to  be  collected  and 
exported  in  the  form  of  stick-lac  which  contained  more  colouring  matter 
than  Indian  lac.  But  now  the  exports  have  fallen  off  considerably. 
It  is  collected  in  Thayetmyo,  Prome,  Tharrawady,  Henzada,  Arakan, 
Upper  Chmdwin  and  Southern  Shan  States.  In  one  year  a  set  of  villages 
in  the  Pakoku  Chin  Hills  produced  100,000  lbs.  during  a  year.  Large 
quantities  are  coJected  on  the  borders  of  the  Shan  States  aud  brought 
into  the  country  to  be  either  exported  along  with  Burma  lac  or  turned 
into  shellac.     The  produce  of  the  tract  bordering  on  Indo-China  finds 


PROCEEDINGS    OF    THE   THIRD   ENTOMOLOGICAL    MEETING  793 

its  way  into  the  interior  and  is  exported  chiefly  to  India  along  with 
Burma  lac.  The  country  as  a  whole  has  great  possibihties  of  develop- 
ment, and  if  properly  worked,  is  likely  to  yield  large  quantities  of  stick- 
lac  which  could  be  utilized  for  the  manufacture  of  seed- lac  or  shellac. - 
Next  to  Assam,  the  Central  Provinces  and  Bihar  and  Orissa,  Burma 
bulks  large  and  is  capable  of  producing  half,  if  not  more,  of  the  normal' 
requirements  of  the  country.  Lac  from  Burma  is  used  largely  in  Madras 
for  dyeing  silk  and  to  some  extent  wool.  The  foodplants  of  the  lac 
insect  are  PithecoJobnmt,  Cassia,  Zizyphus,  Bifterocarpus,  SJiorea  obtiisa, 
Schleichera,  Alhizzia,  Tamarindus,  Butea,  Ccesalpinia,  Dalbergia  ovata 
and  Xylia. 

Central  India.  Lac  in  some  c^uantity  is  also  collected  in  the  Native 
States  of  Eewah,  Nagod,  Maihar,  Chhattarpur  and  Paimah.  Attempts 
are  also  being  made  at  Rutlam  and  Gwalior  to  grow  lac,  but  how  far  the 
experiments  have  been  successful  is  not  knowai.  In  Eewah  considerable 
quantities  are  collected  in  the  forests  and  worked  mto  shellac  in  the 
factory  at  Umaria.  But  since  last  year  the  out-turn  has  fallen  off  consi- 
derably, due  no  doubt  to  the  intensive  system  of  collection  practised 
in  the  previous  years. 

From  the  above  it  will  be  seen  that  lac  is  found  in  most  of  the  pro- 
vinces of  India  and  that  in  the  majority  of  cases  no  attempts  are  made 
to  grow  the  insect  on  its  foodplants.  Whatever  quantity  is  found  to 
grow  on  the  plants  is  collected  and  sold  to  the  nearest  dealer  in  stick-lac. 
In  the  majority  of  cases  the  collection  is  done  by  aboriginal  tribes  who 
inhabit  the  outskirts  of  forests.  These  people  barter  lac  for  salt,  cloth 
or  trinkets  or  such  other  small  luxuries  of  hfe.  The  bania  or  the  local 
dealer  collects  the  local  produce  and  sells  it  to  another  merchant  who- 
sends  it  either  to  Mirzapur  or  to  Calcutta.  The  actual  producer  has  no 
dealings  with  the  manufacturer  and  the  result  is  that  the  major  portion 
of  the  profits  is  appropriated  by  the  middleman.  From  the  above  it 
will  also  be  seen  that  the  greater  portion  of  lac  brought  for  sale  is  collect- 
ed as  it  is  found  growing  on  its  foodplants  and  that  no  attempts  have 
been  made  to  cultivate  the  insect  on  scientific  and  business  lines.  That 
the  insect  can  be  propagated  and  its  range  of  distribution  extended 
has  been  amply  demonstrated  in  various  localities  and  full  details  for 
propagating  it  are  given  in  the  Bulletin  on  the  "  Cultivation  of  Lac 
in  the  Plains  of  India,"  (Revised  edition.  Agricultural  Research  Institute, 
Pusa).  If  the  lines  of  work  laid  do-mi  therein  are  followed,  it  will  be 
found  that  localities  where  Pahs  {Butea  frondosa),  Schleichera  trijuga 
and  Zizyphus  jujuba  plants  abound,  could  be  utilized  for  the  production 
of  lac.  The  result  will  be  that  plants  which  have  ceased  to  be  of  any 
economic    value    now    will   yield  fairly  good  returns  on  the  amount 
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invested  in  developing  the  cultivation.  Besides  this,  there  will  be  the 
advantage  of  improving  the  material  condition  of  the  people,  especially 
the  aborigines  inhabiting  the  forests,  and  steadying  the  market.  The 
present  violent  oscillations  in  the  prices  of  the  crude  material  would 
be  avoided  if  .not  completely  eliminated  and  the  possibility  of  the 
introduction  of  s}mthetic  or  other  cheap  substitutes  would  be  postponed 
indefinitely.  Much  could  be  done  to  extend  the  cultivation  of  lac  by 
starting  suitable  measures  for  the  distribution  of  healthy  broodlac  at 
proper  times  and  at  cheap  rates  so  as  to  enable  even  the  proprietor  of  a 
few  trees  only  to  inoculate  his  trees.  At  the  present  time  it  is  practically 
impossible  to  obtain  good,  healthy  and  cheap  broodlac  for  inoculation 
purposes.  The  prices  charged  are  not  only  exorbitant  but  prohibitive 
as  well.  I  know  from  past  experience  that  when  stick-lac  was  quoted 
at  Es.  20  per  maund  in  Calcutta,  the  prices  charged  for  Kusumb  brood- 
■  lac  were  ranging  anywhere  between  Rs.  40  to  60  per  maund,  and  as  it  is 
known  that  the  greater  portion  of  the  stuff  consists  of  wood  and  colouring 
matter,  the  actual  price  of  resin  obtained  by  scraping  the  broodlac 
sticks  works  to  a  prohibitive  figure.  This  to  my  mind  has  been  mainly 
responsible  for  limited  cultivation  and  subsequent  production.  I  know 
for  a  fact  that  a  large  number  of  cultivators  go  long  distances  from  their 
places  in  search  o£  healthy  broodlac.  They  sometimes  resort  to  hilly 
tracts  where  they  think  they  will  be  certain  of  obtaining  healthy  broodlac 
at  fair  rates.  In  some  places  the  lac  cultivators  having  obtained  abnormal 
prices  for  their  crude  material  have  taken  the  trouble  of  exchanging 
their  broodlac  with  others  living  in  hilly  tracts  or  in  locahties  where  the 
broodlac  is  considered  to  reproduce  well.  With  so  many  obstructions 
and  with  an  ever-changing  market,  it  is  no  wonder  that  the  cultivation 
should  have  remained  in  so  precarious  a  condition  as  is  the  case  at  the 
present  time.  Thus  it  seems  reasonable  that  in  any  scheme  of  future 
development  of  cultivation,  the  provision  of  nurseries  in  suitable  localities 
should  not  be  lost  sight  of.  Besides  this,  facilities  for  the  transport 
of  broodlac  are  so  cumbrous  and  the  freight  charges  so  heavy  that  it 
is  not  only  impossible  but  risky  to  import  broodlac  from  other  localities. 
I  have  personall)^  experienced  the  trouble  of  obtaining  broodlac  from 
places  other  than  Pusa.  The  lac  cultivators  are  at  first  reluctant  to 
luidertake  the  work  of  packing  and  sending  out  parcels  of  broodlac  by 
-rail.  The  question  of  despatch  by  post  is  prohibitive  on  account  of  the 
heavy  postal  charges.  If,  however,  they  are  induced  to  undertake  such 
work,  the  transport  difficulties  are  so  great  that  all  the  efforts  end  in 
failure.  I  have  seen  instances  where  crates  containing  broodlac  have 
b'-en  allowed  to  lie  on  railway  station  platforms  in  the  sun  for  days 
together  before  they  were  despatched  to  their  proper    destination  and, 
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EXPLANATION  OF  PLATE  126. 

Lac  insects. 

Fig.  1.  Test  of  female— 150-155  days  after  moculation  ,  x32. 
Fig.  2.  Male  puparium — 150-155  days  after  inoculation,  x  10. 
Fig.     3.  Test  of  female  teased  out  of  resinous  cell— 151-156   days    after  inoculation, 

X32. 
Fig.     4.  Test  of  female— 175- 1S2  days  after  inoculation,  X  32. 
Fig.     5.  Test  of  female  teased  out  of  resinous  cell — 175-182  days  aiter    inoculation, 

X27 
Fig.     6.  Basal  portion  of  anterior  stigmaf  ic  process  of  female  test — (much  enlarged). 
Fig.     7.  Test  of  female  teased  out  of  resinous  cell — 207-212  days   after   inoculation, 

X27. 
Fig.     8.  Anal  process  of  female  207-212  days  after  inoculation — (much   enlarged). 
Fig.     9.  Test  of  female  teased  out  of  resinous  cell — 238-243  days   after   inoculation, 

XlO. 
Fig.  10.  Anterior  stigmatio  process  of  female — 238-243  days    after    inoculation— 

(much  enlarged). 
Fig.  11.  Anal  pioccss  of  female — 238-243  days  after  inoculation,  x  27. 
Fig.   12.  Test  of  females— 58  days  after  inoculation,  x32. 
Fig.   13.  Test  of  female  teased  out  ot  resinous  cell — 58  days    after    estaMisliment, 

X  32. 
Fig.  14.  Male  put)arium  (ventral  view)— 58  days  after  inoculation,  x47. 
Figs    1 — 11  aie  oi  lac  on  Ber  (Ziz'jjthm  jujuba). 
Figs.  12 — 14  are  of  lac  on  Kusumb  {ScMeickera  trijuga). 
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as  everybody  knows,  if  broodlac  is  exposed  to  the  sun  for  a  number  of 
hours,  the  resin  melts,  the  holes  of  exit  for  the  larvas.are  closed  and 
they  are  nnable  to  emerge.  Besides  this,  with  heat  fermentation  sets 
in  in  the  body  contents  of  the  females  and  the  result  is  that  the  nymphs 
are  stifled  to  death  with  heat  and  are  unable  to  emerge.  The  railway 
authorities  are  perhaps  unconscious  of  this  fact,  otherwise  proper  pre- 
cautions would  have  been  adopted  by  them  to  ensure  safety  of  the 
broodlac  crates  entrusted  to  them  for  transport.  Because  the  que.stion 
has  an  important  bearing  on  the  problem  of  future  development  of  the 
lac  industry,  I  have  thought  it  proper  to  touch  upon  it  here,  and  I  am 
sure  something  will  be  done  to  remedy  the  present  state  of  things. 

With  the  question  of  the  establishment  of  nurseries,  the  task  of 
establishing  the  species  of  the  lac  insect  is  of  profound  interest.  A 
thorough  study  of  the  question  in  all  its  aspects  is  bound  to  yield  data  of 
considerable  economic  importance.  With  the  fixation  of  species  it' 
would  be  possible  to  extend  the  cultivation  of  the  particular  species  in 
well-defined  areas  and  therefrom  to  extend  the  cultivation.  This  work 
was  anticipated  and  collections  were  made  from  all  parts  of  lac-producing 
areas  in  India  with  the  collaboration  of  the  forest  officers.  This  collec- 
tion is  at  Pusa  and  requires  to  be  worked  through.  Specimens,  both 
dry  and  wet,  have  been  collected  of  cultivated  as  well  as  of  wild  lac  and 
have  been  preserved.  In  this  way  a  vast  collection  has  been  got  together 
and  could  soon  be  worked  through.  As  is  well  known,  with  the  fixation, 
of  species  found  to  occur  within  the  important  lac-producing  tracts  as 
well  as  elsewhere,  the  fixation  or  knowledge  of  the  swarming  of  larvse 
in  both  the  seasons  is  very  essential  to  the  development  of  cultivation. 
With  the  fixation  of  species  and  the  periods  of  swarming  of  larvse  in 
particular  tracts,  the  work  of  expansion  would  be  considerably  faciUtated 
and  broadened.  When  this  has  been  done  it  will  be  time  to  look  after 
the  details  of  cultivation.  As  is  well  known  the  introduction  of  lac  into 
the  market  came  after  the  price  of  cochineal — which  was  used  for  dyeing 
silk— had  gone  very  high.  It  was  then  that  the  consumers'  attention 
was  dra-mi  to  the  substitution  of  a  cheaper  stuff  which  would  partially, 
if  not  wholly,  fulfil  the  requirements  of  the  trade  of  the  times,  and  the 
lac-dye  was  found  to  meet  the  exigencies  of  the  situation  well.  The 
dye  was  extracted  and  used  for  colouring  purposes  and  the  resin  was 
left  unutihzed.  Later  on  when  the  special  properties  of  the  resin  came 
to  be  kno-wn,  it  was  used  along  with  the  dye  for  various  other  purposes. 
From  this  time  onward  the  exports  of  resin  began  to  rise  until  to-day 
they  reach  the  unprecedented  total  of  £2,314,000.  This  represents  the 
quantity  exported  from  the  port  of  Calcutta  alone.  If,  however,  such 
statistics  were  available  for  the  other  ports  of  Karachi,  Bombay  and 
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Madraf?,  along  with  the  quantity  consumed  in  the  country,  which  is  in 
no  sense  a  negligible  quantity,  it  will  be  found  that  the  total  annual 
production  of  lac  in  India  and  Burma  is  well  over  170-200  million  lb. 
This  c[uantity  is  raised  annually,  when  the  insect  has  be?n  subject€!fl  to 
ill  and  drastic  treatment  which,  if  not  effectual  in  its  total  extinction, 
has  lowered  its  vitality  to  such  an  extent  that  it  may  be  said  to  be 
the  progeny  of  degenerated  parents  which  are  not  as  yet  free  from  the 
baneful  effects  of  processes  which  are  antiquated  as  well  as  effete.  If 
one  looks  at  the  methods  adopted  for  collecting  the  yearly  produce,  one 
is  struck  with  the  profound  vitality  displayed  by  the  insect  and  I  think 
it  is  its  prolific  fecundity  which  has  saved  it  from  total  extinction.  The 
cultivators  now  have  recourse  to  measures  of  collection  such  as  were 
adopted  by  their  forefathers  centuries  ago.  But  the  times  have  changed 
considerably.  What  was  once  a  paying  item  has  ceased  to  be  such. 
What  was  once  eagerly  sought  after  is  now  discarded.  The  introduction 
of  aniline  colours  has  done  much  to  bring  about  this  change.  But  as 
the  lac  cultivator  is  illiterate,  and  lives  in  remote  corners  where  ideas  of 
modern  developments  do  not  reach  him,  he  persists  in  adopting  old 
and  antiquated  methods  of  collection.  The  lac-dye  has  ceased  to  be  an 
article  of  commerce,  and  attempts  are  made  to  obtain  resin  which  is  as 
much  free  of  the  colouring  matter  as  is  possible  to  obtain.  But  the 
lac  cultivator,  irrespective  of  these  changes  in  the  commercial  world, 
still  continues  to  collect  lac  before  swarming  has  taken  place  with  the 
result  that  the  larvffi  are  killed  outright  by  expo-sure  of  the  lac-bearing 
branches  to  the  heat  of  the  sun.  The  result  is  that  the  healthiest  and 
most  viiile  larva3  are  killed  off,  leaving  behind  stragglers  which  are 
not  so  vigorous  as  they  should  be.  In  a  count  made  at  Pusa  of  larvaj 
of  Zizi/phus  jujuba  lac,  it  was  found  that  52  days  after  establishment, 
25  to  30  per  cent,  of  them  had  failed  to  establish  themselves  and  to 
produce  resin.  -Later  on,  the  percentage  was  found  to  increase  until 
barely  a  fourth  of  the  number  had  been  able  to  reproduce  itself.  If 
material  in  various  places  is  examined  in  this  light,  it  will  be  found  that 
in  places  even  a  larger  percentage  fails  every  year  to  establish  and  sub- 
sequently to  reproduce  itself.  This  is  no  doubt  one  of  the  causes  of  the 
short  supplies  so  much  complained  of  by  the  shellac-manufacturers 
from  time  to  time.  If,  however,  the  lac  cultivators  are  informed  of  the 
mischief  they  are  doing  unconsciously,  I  am  sure  they  will  improve 
their  methods  and  will  begin  collecting  the  material  after  the  larvae 
have  swarmed  out.  No  doubt  much  could  also  be  done  by  the  manufac- 
turers. If  they  will  adopt  the  practice  of  paying  the  cultivators  on  the 
proportion  of  resin  to  lac-dye  in  a  sample,  the  cultivator  would  soon- 
modify  his  ways  and  would  adapt  himself  to  changed  circumstances. 
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Holes  of  exit  of  Enhhmma  amabilis  in  introduced  lac  at  Banganapalle,  South 
1914, 
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The  manufacturers  should  insist  on  purchasing  stick-lac  which  contains 
a  smaller  proiDortion  of  lac-dye  than  one  which  has  been  collected  before 
swarming  has  taken  place  and  is  consequently  rich  in  colouring  matter. 
This  will  effectively  put  an  end  to  the  unscientific  method  of  gathering 
lac  thereby  consigning  to  death  a  huge  number  of  larvae  which  would 
otherwise  have  produced  lac.  No  doubt,  to  hasten  the  adoption  of  the 
change  recommended,  active  demonstrations  would  have  to  be  made  on 
an  extensive  scale  before  the  cultivators  could  be  expected  to  give  up 
the  practice  which  has  rather  become  engrained  in  them. 

With  the  establishment  of  nurseries  for  the  distribution  of  healthy, 
broodlac,  and  improvements  in  the  methods  of  collection,  the  question 
of  parasites  and  predators  on  lac  has  to  be  carefully  gone  through.  From 
what  is  knowai  now  Eubleinma  amabilis  is  the  v,-orst  enemy  of  lac  on  the 
trees.  The  caterpillars  devour  the  females  and  pupate  within  silken 
galleries  made  in  the  encrustations.  In  some  places  the  moth  is  so  bad 
that  it  is  impossible  to  grow  lac.  The  predaceous  cateri^illars  appear 
in  hordes  and  destroy  the  females  with  the  consequence  that  no  lac  is 
produced.  In  one  p'ace  I  found  that,  from  a  dozen  broodlac  ^ticks, 
each  12'  to  15'  long,  as  many  as  4.35  Eub'emtnci  amcibi  is  moths  were 
bred  out.  (Plate  127)  It  was  from  this  place  that  large  quantities 
of  broodlac  were  sent  out  far  and  wide  and  it  is  no  wonder  that  the  pla2e 
should  have  been  the  means  of  d'stributing  the  predator  along  with  th3 
host.  In  some  places  the  predator  forestalled  the  ho^t  with  the  result 
that  no  lac  could  be  grown.  This  aspect  brings  to  the  fore  the  question 
or  rather  the  necessity  of  establishing  broodlac  nurseries,  in  any  scheme  of 
extension  of  lac  cultivation  in  India.  No  cloubt  before  any  such  scheme 
is  mooted  an  accurate  survey  will  have  to  be  mide  of  the  locality  or 
localities,  which  if  not  altogether  free  from  the  parasites  and  predators, 
are  comparatively  immune  from  the  attacks  of  these  disturbing  factors. 
Besides  Eublemma  amabilis,  the  question  of  parasitic  Chalcididfe  will 
have  to  be  studied  in  greater  detail  than  has  been  attempted  in  the  past. 
Species  that  are  parasitic  on  Eublemma  caterpillars  will  have  to  be 
differentiated  from  those  which  are  primarily  pari^sitic  on  the  lac  insect. 
If  there  are  any  hyperparasites,  these  will  have  to  be  studied  sej^arately 
and  assigned  a  place  in  the  scheme  adopted  to  check  the  undue  in- 
crement of  the  primary  parasites.  The  role  of  Holcocera  pulverm  will 
tave  to  be  determmed  specifically  as  regards  the  lac  on  trees  as  well 
as  stick-lac  in  storage.  The  question  of  Storage  so  as  to  avoid  the  stick- 
lac  getting  blocky  will  have  to  be  studied.  But  what  appears  to  be  in 
keeping  with  the  present  conditions,  it  is  advisable  to  wash  the  stick-lac 
and  treat  it  with  monohydrated  Sodium  Carbonate.  This  will  free  the 
resin  of  the  colouring  matter  adhering  to  the  innermost  walls  of  the  cells 
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and  will  improve  tlie  appearance  of  the  washed  product.  An  improve- 
ment like  this  is  expected  to  effect  considerable  savings  and  will  avoid 
the  possibility  of  undetected  damage  brought  about  by  pests  to  stored 
produce  and  will  remove  the  possibility'  of  the  material  becoming  blocky 
— a  thing  which  no  manufacturer  would  care  to  buy.  (Vide  Agri.  Jour, 
India,  Vol.  XIII,  Part  III,  July  1918,  p.  410,  and  Report  on  the  Progress 
of  Agricidture  in  India  for  1917-18,  pp.  98-99.)  If  this  change  will  ma- 
terialize into  practice  it  will  then  be  possible  to  popularize  the  use  of 
washed  and  treated  seed-lac  more  extensively  than  has  been  the  case 
in  the  past.  It  is  a  queer  anomaly  that  trades  people  should  give  pre- 
ference to  an  adulterated  product  over  an  unadulterated  one.  Shellac,, 
however  pure  it  may  be,  contains  from  5  to  10  per  cent,  of  foreign  ingre- 
dients such  as  yellow  orpiment  and  colophony — the  trade  refraction 
being  4-5  per  cent. — and  still  it  is  preferred  to  seed-lac  which  is  pure.  But 
now  as  lac  has  come  to  be  extensively  used  for  military  purposes,  it 
will  be  possible  to  popularize  the  use  of  the  pure  material  seed-lac  over 
shellac,  I  think  production  of  standardized  material  will  obviate  the 
necessity  of  adopting  iodine  tests  for  shellac  which  the  manufacturers 
have  to  do  before  making  purchases.  Continuous  trial  shipments  of 
standardised  arid  treated  seed-lac  will  have  to  be  made  before  the  product 
will  be  adopted  for  commercial  purposes.  Hitherto,  as  the  factories 
are  few  and  are  spread  at  considerable  distances  from  each  other,  it  has 
not  been  possible  to  effect  any  changes  in  this  direction.  By  the  new 
uses  that  are  now  being  found  for  lac,  it  will  be  possible  to  restrict  the 
use  of  the  adulterated  material. 
The  uses  of  shellac  are  : — 
Indian. — Bangles,  toys,  goldsmiths'  work,  sealing  wax,  varnishes,. 

pohshes,  grinding  Stones,  lacquer  ware,  hilts  to  swords. 

Foreign. — Insulating    material,    gramophone    records,    lithographic 

inks,    varnishes,    polishes,    paper   varnishes,    confectionery, 

top  hats,  strengthening  to  steel,  shrapnels,  for  pattern  work, 

shoe  blacking,  imitation  ivory,  backs  to  brushes  and  combs, 

tooth  brushes,  poker-chips,  white  insulated  goods. 

The  waste,  together  with  other  refuse,  is  utilized  within  the  country  for 

the  manufacture  of  bangles  and  toys.    A   great  development  awaits 

the  toy  industry.    Hitherto  cheap  German  and  Austrian  toys    have 

flooded  England  and  America  along  with  the  produce  of  Holland,  consis- 

tmg  primarily  of  compressed  paper  material.     But  with  the  proper 

organization  of  the  industry  it  will  be  possible  to  popularize  the  use  of 

Ught  lac  toys  which  will  be  cheaper  and  less  liable  to  breakage  than  the 

imported  ones.     In  India  there  is  some  field  for  the  development  of 

polishes  and  varnishes.     The  raw  ingredients  necessary  to  manufacture 
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these  are  present  in  the  country.     It  requires  working  tliem  up  so  as  to 
start  an  industry  which  has  some  prospects  before  it. 

I  have  touched  briefly  the  salient  points  concerning  cultivation, 
collection,  after-treatment  and  manufacture  into  shellac.  There  are  a 
number  of  other  points  which  I  hope  to  touch  upon  hereafter.  In 
conclusion  it  may  be  said  that  the  industry  is  very  old  and  India  practi- 
cally holds  the  monopoly  for  the  time  being.  Before  other  disturbing 
factors  step  in,  it  is  essential  that  a  complete  survey  should  be  made  of 
the  industry  as  existent  at  the  present  time — both  in  forest  areas  as 
well  as  in  the  plains — and  then  to  adopt  such  measures  as  would  resus- 
citate the  industry  efficiently  as  well  as  financially.  It  need  not  be 
reiterated  here  that  such  lines  of  action  would  greatly  ameliorate  the 
condition  of  the  aboriginal  tribes  inhabiting  the  outskirts  of  forests  as 
well  as  the  Plains,  and  I  think  the  time  has  come  when  necessary  steps 
should  be  taken  to  safeguard  the  interests  of  the  industry  which  are 
really  very  old  and  important. 

We  have  not  done  so  much  work  on  this  subject  as  Mr.  Misra  has  Mr.  Ramakrishna 
done  and  it  is  only  recently  that  the  Government  of  Madras  has  thought  ^y^^''- 
of  this  industry.     The  first  thing  I  would  like  to  know  is,  what  are  the 
different  species  of  lac  insects  ? 

I    believe   tiiat    there    are   a  number  of  species  and  one  of  these  is  Mr.  Misra. 
Tachardia  lacca. 

We  must  know  at  what  time  the  young  ones  swarm  out.  With  us  Mr.  Ramakrishna 
they  swarm  in  September  and  October  and  we  get  a  poor  harvest.  Our  Ayyar. 
difficulty  is  to  get  broodlac.  We  do  get  it  from  Pusa  but  we  cannot 
get  it  just  at  the  time  that  we  require  it  for  inoculation  because  the 
times  of  swarming  at  Pusa  and  in,Madras  are  dift'erent.  The  lac-insect 
found  on  mango  has  been  identified  by  Mr.  Green  as  Tachardia  lacai. 
We  require  to  know  definitely  what  species  is  commonly  cultivated  in 
India  and  what  species  can  easily  be  propagated. 

Can  Mr.  Misra  give  us  some  technical  details  of  the  work  he  is  going  Mr.  Beeson. 
to  do  and  his  field-stations  and  so  on  ? 

In  order  to  find  out  parasites  we  have  to  examine  twigs,  to  rear  Mr.  Misra. 
them  out  in  cages  and  even  to  dissect  out  the  parasites  from  their  hosts. 
Another  difficulty  is  the  identification  of  the  parasites.    Euhlemma  is  a 
serious  pest  of  lac  in  store-houses. 

We  must  first  find  out  the  species,  because  they  may  differ.  ^-  Ramakrishna 

Ayyar. 

We  have  at  Pusa  an  enormous  accumulation  of  material  of  lac  insects.  Mr.  Misra. 
both  dry  and  in  spirit,  from  various  foodplants  and  collected  dui'ing 
every  month  of  the  year  in  almost  all  the  lac-growing  districts  of  India. 
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All  this  material  requires  to  be  worked  over  by  an  expert  Coccidologist. 
CVoss-inoculations  also  require  to  be  tried. 

Mr.  Kunhi  Kannan.        Has  the  host-tree  anything  to  do  with  the  quality  of  the  lac  ? 

Mr.  Misra.  Yes  ;  to  a  certain  extent.     Palas  lac  is  the  best.     We  find  lac-insects 

on  all  sorts  of  all  plants  and,  as  far  as  the  host-plants  are  concerned, 
they  are  pests  ;  but  as  it  produces  lac,  we  call  it  a  useful  insect. 

Mr.  Beeson.  To  me  it  seems  that  the  first  necessity  is  the  determination  of  the 

species  concerned  before  any  cultural  work  is  undertaken. 

Mr.  Fletcher.  We  have  the  material  for  that  as  soon  as  we  can  find  someone  to  under- 

take the  work. 

43.— THE  PUSA  EXPERIMENTS  ON  THE  IMPEOVEMENT  OF 
MULBERRY  SILKWORMS. 

By  M.  N.  De,  Sericultural  Assisiaxt,  Piisa. 

(Plate  128.) 

As  a  result  of  the  war  the  silk  industry  has  shown  signs  of  revival, 
both  as  regards  its  value  and  quantity.  New  mulberry  plantations 
and  rearers  have  come  into  existence  and  they  are  getting  more  money 
by  rearing  silkworms  than  by  cultivating  other  crops.  It  remains  to  be 
seen  whether  the  condition  of  the  silk  industry  in  India  will  improve 
or  revert  to  its  original  position. 

Multivoltine  mulberry  silkworm  races  are  cultivated  in  Bengal, 
Mysore,  KoUegal  and  Assam.  The  price  of  cocoons  and  the  cost  of 
cultivation  are  less  in  the  above  places  than  in  any  other  country.  This 
advantage  is  counterbalanced  by  the  inferiority  of  the  yield  of  sUk  of 
the  Bengal  and  Assam  races.  The  yield  of  the  Mysore  race,  which 
is  reared  in  Mysore  and  Kollegal,  'is  superior  to  the  yield  of  the 
Bengal  and  Assam  races.  The  yield  of  this  race  as  well  as  that  of  the 
races  of  Bengal  and  Assam  can  be  improved  by  careful  selection  if  con- 
tinued for  a  long  time.  We  are  attaching  more  importance  to  hybridiza- 
tion than  to  selection  as  our  surrounding  conditions  are  not  suitable 
for  rearing  silkworms  throughout  the  year  ;  besides,  it  is  the  quickest 
way  to  modify  and  renovate  a  race. 

It  seems  generally  admitted  that  the  multivoltine  races  of  India 
have  degenerated.  European  races  of  silkworms  have  been  improved 
by  selection  and  hybridization  and  are  producing  about  more  than 
double  the  quantity  of  their  past  yield,  whereas  our  races  are  giving 
slightly  more  than  three-fourths  of  their  past  yield.  Long  continued 
in-breeding  inadvertently  practised  by  careless  rearers  and  rearing 
under  unhealthy  conditions,  with  leaves  of  scanty  nutritive  value,  are 
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responsible  for  the  degeneracy  of  our  races.  Indiscriminate  in-breeding 
iias  produced  loss  of  vigour,  delicacy  of  constitution  and  deterioration 
of  the  whole  animal  system  and  consequently  the  silk  procured  from 
the  Indian  races  is  inferior  to  that  of  Europe,  Japan  and  China. 

Selection  in  silkworm  rearing  means  the  ability  so, to  choo.se  cocoons 
and  moths  for  reproducing  the  progeny,  that  with  proper  care  a  high 
'.standard  of  excellence  will  be  obtained.  If  the  improvement  thus  secured 
goes  on  generation  after  generation  it  will  result  in  still  further  improve- 
ment. But  when  the  selection  is  made  carelessly  and  without  judgment 
the  improvement  thus  obtained  is  likely  to  revert  to  its  former  level. 
Judicious  selection  alone  cannot  improve  a  race  without  suitable  nutri- 
tion, breeding  and  environment.  The  four  go  hand  in  hand  whenever 
the  improvement  made  is  to  be  maintained  and  wherever  further  improve- 
ment is  desired.  Selection  takes  a  long  time  to  lift  a  race  to  a  high 
standard  of  excellence  and  requires  patience  to  maintain  it. 

Cross-breeding  has  done  great  service  in  the  formation  of  new  races. 
The  influx  of  new  blood  to  a  weak  race  is  always  an  advantage.  It 
brings  new  vigour  and  renovating  power  in  the  constitution  of  the  worms 
and  makes  them  yield  silk  superior  both  in  quality  and  quantity.  Cross- 
ing gives  an  immediate  increase  of  productiveness  of  silk  but  the  re.'^ult 
i?  uncertain  in  later  generations.  Time  and  experience  can  only  tell 
whether  the  hybrid  races  which  we  have  produced  will  continue  to  give 
satisfactory  results  without  degeneration.  With  univoltine  races  it 
is  possible  to  renew  crossing  every  year  as  there  are  many  univoltine 
races  which  yield  cocoons  of  the  same  colour,  shape  and  size,  and  so  an 
infusion  of  new  blood  is  possible  in  European  countries.  But  this  is 
not  the  case  with  the  multivoltine  races  of  India.  There  are  only  four 
or  five  multivoltine  races  which  differ  in  shape,  size  and  colour  and  if 
a  cross  is  effected  between  any  two  of  them  the  shape  and  colour  of  the 
cocoons  of  the  mongrel  race  become  different  and  it  takes  about  six  or 
seven  generations  to  obtain  uniformity  in  colour  and  shape.  Besides, 
some  of  the  eggs  of  the  mongrel  races  turn  grey  and  hatch  irregularly 
like  univoltine  eggs  in  some  later  generations  and  so  it  is  not  possible 
to  obtain  good  results  from  the  race,  for,  by  the  time  uniformity  is 
obtained,  the  vigour  and  renovating  powers  are  gone.  If  our  multi- 
voltine races  are  combined  with  the  imivoltine  races,  they  become  univol- 
tine in  the  second  and  third  generations  and  it  takes  about  three  or  four 
years  to  establish  the  multivoltine  characteristics.  Some  hybrid  races 
may  turn  into  pure  multivoltine  races  by  accident,  but  this  cannot  be 
depended  upon. 

Oiu:  experience  is  that  all  hybrid  races  are  not  suitable  for  all  cli- 
matic conditions.     Again  all  hybrid  races  do  not  necessarily  become 
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strong  by  the  cross.  Vigour  may  be  imparted  to  a  weak  race  if  it  is- 
crossed  with  a  strong  one  and  vice  versa.  Desirable  qualities  are  imparted 
to  a  weak  race  by  crossing  it  with  races  possessing  the  qualities  desired. 
'We  have  produced  about  ten  multivoltine  hybrid  races.  The  yield 
of  silk  of  some  of  them  is  about  li  times  more  than  that  of  the  multi- 
voltine races  of  Bengal.  Our  object  is  to  produce  two  types  of  multi- 
voltine hybrid  races  having  similarity  in  size,  shape  and  colour,  which' 
would  suit  a  particular  climate.  When  these  two  types  breed  true, 
their  eggs  or  the  eggs  of  the  reciprocal  cross  can  be  profitably  reared 
if  the  resulting  hybrid  keeps  the  multivoltine  characteristics  of  the 
races.  In  this  w^ay  only  we  can  infuse  new  blood  and  vigour  whenever 
we  like.  It  remains  to  be  seen  whether  the  hybrid  races  can  be  established 
without  degeneration. 

If  univoltine  races  are  to  be  reared  they  should  be  annually  im- 
ported and  the  j^rogeny  should  be  combined  with  the  Bengal  Borofolii 
race  which  has  been  acclimatized  there.  Univoltine  races  of  Japan  and 
China,  their  crossbreds  with  the  Boropolu  race  and  bivoltine  races  of 
Japan  stand  the  climate  better  and  hatch  more  regularly,  although 
the  yields  of  silk  of  these  races  are  inferior  to  that  of  France  and  Italy. 

Superior  cocoons  are  obtained  in  all  seasons  by  a  cross  between  (1) 
a  univoltine  male,  or  (2)  a  male  of  a  cross  between  a  univoltine  male 
and  multivoltine  female,  or  (3)  a  male  of  successive  generations  of  this 
cross,  and  a  multivoltine  female.  The  crossing  will  have  to  be  efEected 
in  each  generation  as.  the  eggs  of  the  second  generation  of  this  cross  will 
turn  univoltine.  These  univoltine  eggs  should  be  sent  to  cold  storage 
for  rearing  in  spring  or  in  October  or  November  wherever  possible. 
If  univoltine  eggs  are  not  required  then  the  female  cocoons  of  the  hybrid 
can  be  rejected  by  the  help  of  a  balance  available  in  France  and  used 
for  reeling. 

Of  all  the  indigenous  races,  the  Mysore  race  is  the  best  as  far  as  the 
yield  of  silk  fs  concerned.  The  Nistari  race  should  be  reared  in  April 
or  May,  the  Mysore  race  from  July  to  October  and  univoltine  races 
from  October  to  March.  We  do  not  advise  to  rear  the  hybrid  races 
now  on  a  large  scale  although  there  is  a  demand  for  the  eggs  of  these 
races.  The  best  test  for  the  suitability  of  a  race  in  a  particular  place  is 
by  rearing  it  in  the  same  place.  The  Mysore  race  is  more  susceptible 
to  diseases  than  the  Nistari  race.  Indigenous  races  are  more  hardy  and 
can  stand  diseases  better  than  the  foreign  univoltine  races.  An  infusion 
of  univoltine  blood  in  the  indigenous  races  makes  the  latter  less  hardy. 
We  do  not  know^  whether  they  would  be  more  hardy  when  they  have 
been  acclimatized  to  the  climatic  conditions  of  India  for  some  time. 
We  have  produced  multivoltine  hybrid  races  by  the  infusion  of  uuivol- 
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tine  blood  into  the  niultivoltine  races,  the  yield  of  silk  of  which  is  lik  e 
the  univoltine  races  of  China  and  Japan  and  bivoltine  races  of  Japan 
for  some  generations,  but  they  have  degenerated  later  on  and  do  not 
stand  the  climate  like  the  indigenous  races. 

All  races  of  silkworms  yield  more  silk  and  can  stand  the  diseases  better 
if  they  are  fed  with  the  leaves  of  tree  mulberry  than  those  fed  with 
the  leaves  of  bush  mulberry.  All  the  races  produce  good  cocoons  if 
they  are  fed  with  bush  leaves  in  the  first  three  or  four  stages  and  then 
with  tree  leaves.  It  is  always  better  to  have  two  or  three  good  crops 
than  to  have  four  or  five  indifferent  crops. 

In  the  following  Table  comparative  results  of  our  rearing  of 
univoltine,  bivoltine,  niultivoltine  and  hybrid  races  of  silkworms  of 
difierent  countries  are  given,  from  which  an  idea  of  the  yield  of  silk 
•of  each  race  can  be  obtained. 


French  race  univoltine 


Wasih  Cliinese  univoltii 


Araya      Japanese      bivoltine. 


Oth        JMarch 


I     1918. 


Pusa       multivoltin 


Nistari  multivoltine 


fbrid  !  7th       March  '  20th      March 


21st     May  ■< 
1918.  L 


10  raw  cocoons. 
4  mature  worms. 


13  raw  cocoons. 

5  mature  worms. 
9  raw  cocoons. 

6  mature  worms. 
12  raw  cocoons. 

6  mature  worms. 
12  raw  cocoons. 
6  mature  worms. 


6  mature  worm 
13  raw  cocoons. 


14  raw  cocoons. 
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Eace 

Date  of 
opposition 

Date  of 
hatching 

Date  of 
mounting 

Weight    of    mature 

worms  and  raw 
cocoons  in  10  gm. 

Eojikiko.    Japanese        bivol- 
tine.    First  generation. 

July  1915      . 

7th       March 
1916. 

2nd     April/ 
1916.           \ 

8  mature  worms. 
13  raw  cocoons. 

Second  generation  of  the  above 

12th 
1916. 

AprU 

22nd       April 
1916. 

20th     May 
1916. 

The  majoritv  of  the- 
worms      died      on 
account  of   abnor- 
mal   heat    of    this- 
year. 

Japanfesej     and 
UniToltine  F,. 

Boropolu  } 

21st 
1915. 

AprU 

13th      March 
1916. 

11th     May  \ 
1916.             I. 

6  mature  worms. 
11  raw  cocoons. 

Japanese  j      and 
Univoltine  F,. 

Boropolu  i 

1^^6. 

April 

23rd^_  March 

21st    AprU  \ 
1917.            L 

6  mature  worms. 
13  raw  cocoons. 

Boropolu  5      and 
Univoltine  F,. 

Japanese  5 

Tl5. 

April 

5th       March 
1916. 

3rd      April  \ 
1916.            L 

6  mature  worms. 
11  raw  cocoons. 

Boropolu  9       and 
Univoltine  F,. 

Japanese  c" 

15th 
1910. 

AprU 

23rd     Febru- 
ary 1917. 

1st      AprU  \ 
1917.            L 

13  raw  cocoons. 

French  ?       and 
Univoltine  F,. 

Boropolu  i 

23jd 
1915. 

May 

30tli  January 

9th    March  \ 
1916.            I 

5  mature  worms. 
10  raw  cocoons. 

French  9      and 
Univoltine  F,. 

Boropolu  i 

27th 
1916. 

March 

23rd     Fcbni- 
ary  1917. 

1st      AprU  \ 
1917.            I 

6  mature  worms. 

In  the  followiug  Table  two  races  have  been  combined,  leaving  the 
one  nearest  that  which  is  wanted  untouched  until  a  suitable  cross  between 
two  others  have  been  secured.  Then  the  pure  race  has  been  combined 
with  the  hybrid  with  a  view  to  have  the  influence  of  the  last  race. 
Records  of  our  rearing  of  the  previous  generations  of  this  race  are  given 
in  iiulletins  Nos.  48  and  74,  on  pages  9  and  2  respectively. 


Kace 

Date  of 
oviposition 

Date  of 
hatching 

Date  of 
mounting 

Weight  of  mature 

worms  and  raw 
cocoons  in  10  gm. 

French  <;  J 

&  Mysore  J 

■i  Mysore; 

r    r,.. 

7th          July 
1916. 

nth        July 
1916. 

5th      August 
1916. 

6  mature  ;  9  raw. 

Do. 

Do. 

F.            . 

14th    August 
1916. 

22nd    August 
1916. 

10th  Septem- 
ber 1916. 

6  mature;  11  raw. 

Do. 

Do. 

F.           . 

20th  Septem- 
ber 1916. 

28th  Septem- 
berl916. 

17th       Octo- 
ber 1916. 

6  mature;  10  r.uv. 

Do. 

Do. 

F.,            . 

30th       Octo- 
ber 1916. 

11th  Novem- 
ber 1916. 

20th    Decem- 
ber 1910. 

6  mature;  11  raw. 

Do. 

Do. 

F„           . 

22nd  January 
1917. 

18th     Febru- 
ary 1917. 

24th      March 
1917. 

6  mature  ;  11  raw. 

Do. 

Do. 

F„           . 

5th         AprU 
1917. 

14th       AprU 
1917. 

10th         May 
1917. 

7  mature  ;  12  raw.- 

Do. 

Do. 

F=o           . 

22nd_       May 

30th       May 
1917. 

17th        June 
1917. 

8  mature;  12  raw.. 
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Race 

Date  of 
OYi  position 

Date  of 
hatching 

Date  of 
mounting 

Weight  of  mature 
worms  and  raw 
cocoons  in  10  g'u. 

ir;,(ari?-)<t  Mysore 

J  -J  Jfysore  j 

Do. 

Do. 

F:. 

2Gth        Jane 
1917. 

1st        March 
1918. 

1st          April 
1918. 

8  mature  ,  12  raw. 

Grey     eggs     were 
reared^in     this 
generation. 

Do. 

Do. 

F«           . 

12th       April 
1918. 

23rd       AprU 
1918. 

22nd        May 
1918. 

7  mature  ;  12  raw. 

Do. 

Do. 

F,.           . 

22nd      May 
1918. 

30th            May 
1918. 

17th      June 
1918. 

6  mature;  11  raw. 

Do. 

Do. 

F»           . 

28tli        June 
1918. 

7th           July 
1918. 

24th        July 
1918. 

6  mature ;  10  raw. 

Do. 

Do. 

F.            . 

4th      August 
1918. 

10th    August 
1918. 

28th    August 
1918. 

6  mature  ;  8  raw. 

Do. 

Do. 

F..            . 

7th     .Septem- 
ber 1918. 

TAT"^- 

3rd         Octo- 
ber 1918. 

7  mature;  12  raw. 

Do. 

Do. 

F„            . 

14th       Octo- 
ber 1918. 

24th       Octo- 
ber 1918. 

25th  Novem- 
ber 1918. 

7  mature;  12 raw. 

Do. 

Do. 

F.,           . 

23rd    Decem- 
ber 1918. 

•• 

The    race  is  being 
continued. 

The  Pasteur  system  of  examination  is  the  best  for  elimination  of 
pebrine  in  univoltine,  bivoltine  and  multivoltine  races  in  India.  The 
system  is  more  simple,  more  economical,  and  less  laborious  than  all  the 
existing  modified  methods  of  Pasteur.  For  easy  and  Cjuick  detection 
of  pebrine  corpuscles  from  the  juice  of  mother- moths  the  following 
precautions  should  be  adopted  : — * 

(1)  Place  50  or  60  mother-moths  on  a  paper  after  separating  the 

pairs  and  shake  the  paper  by  holding  one  of  its  ends.  Tie 
moths  will  excrete  the  contents  of  the  colon  so  that  there 
will  not  be  much  exudation  of  the  colon  at  the  time  of  crushing 
them  for   microscopical   examination. 

(2)  Keep  the  mother-moths    isolated  in    paper    bags    on  the  first 

night  after  oviposition  at  about  80°-95°F.  After  t  or  5 
days  dry  them  for  three  or  four  hours  at  about  160°-180°F. 
The  number  of  the  bag  containing  a  moth  should  correspond 
with  the  number  of  the  laying  oviposited  by  it  so  that  the 
eggs  laid  by  each  moth  can  be  ascertained.  This  process 
will  help  the  multiplication  of  pebrine  corpuscles  and  dry  up 
the  contents  of  the  colon. 


*  In  Japan   multivoltine   moths    are    e.xamined  with   or 
countries  tliey  are  examined  without  drying. 


■ithout  drying.     In  somi; 
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(3)  Kemove  the  wings  and  examine  the  juice  of  the  moths  on  the 
fifth  or  sixth  day  after  oviposition  after  thoroughly  crushing 
them  with  a  few  drops  of  5  per  cent,  solution  of  caustic 
potash  which  dissolves  the  fatty  globules.  This  will  help 
ciuick  detection  of  pebrine  corpuscles. 

Our  experiments  in  reeling  are  given  in  Bulletin  No.  44.  Indian 
reelers  find  it  difficult  to  dispose  of  their  raw  silk.  Organized  efforts 
are  being  made  for  the  sale  of  raw  silk  of  China,  Japan  and  Europe  but 
there  is  no  such  organization  for  the  disposal  of  Indian  raw  silk.  Im- 
ported silk  finds  a  ready  market  here  but  thftre  is  not  sufficient  demand 
for  the  local  produce.  Taking  all  the  disadvantages  into  consideration, 
our  silk  can  have  a  good  sale  in  Europe  and  America  and  the  local  market 
can  also  be  captured  if  the  cjuality  of  our  silk  is  improved  by  the 
provision  of  one  porcelain  button  and  two  small  aluminium  or  glass  wheels 
in  the  country  system  of  reeling  machines,  by  which  200-350  twists 
can  be  given  to  the  reeled  thread.  In  this  method  the  simple  country 
appliance  for  reeling  has  been  greatly  improved  and  yet  its  suitability 
for  cottage  workers  maintained.  The  first  thing  required  is  to  produce 
a  standard  quality  of  raw  silk  for  the  local  market  and  to  place  a  fairly 
large  quantity  of  it  with  merchants  to  create  a  market  for  it.  Perhaps 
it  will  not  be  profitable  to  produce  very  fine  thread  for  the  consumption 
of  France  and  England. 

We  have  devised  a  new  Twisting  Machine  on  which  24  threads  can 
be  twisted  at  a  time  (Plate  128).  The  working  of  the  machine  is  as 
follows  : — There  are  24  spindles  with  24  bobbins  inserted  on  one  end 
of  each  of  the  spindles.  The  bobbins  should  contain  double  or  threefold 
thread.  One  wheel  rotates  all  the  spindles  by  means  of  an  endless  rope 
and  a  swift  by  means  of  another  cord  on  which  twisted  thread  is  wound 
up.  The  cord  is  passed  under  the  following  spindles  1,  3,  5,  6,  8,  9, 
11,  12.  14,  15,  17,  18,  20,  21,  23  and  24  and  upon  the  following 
spindles  2,  4,  7,  10,  13,  16,  19,  and  22.  The  bobbins  on  the  former 
are  inserted  in  the  front  of  the  machine  while  those  on  the  latter  are 
inserted  in  the  back  part.  When  the  wheel  is  revolved  in  the  righthand 
direction  all  the  24  bobbins  are  turned  in  the  same  direction  so  that  a 
righthanded  twist  is  given  to  the  thread  before  it  is  wound  upon  the  swift. 
It  should  be  noted  that  the  bobbins  should  always  contain  wet  thread. 
When  the  spindles  do  not  revolve  properly  the  cords  should  be  rubbed 
with  a  little  dust  of  resin.  The  hooked  guides  through  which  twisted 
threads  are  passed  to  the  swift  are  of  glass.  As  there  is  no  difficulty  in 
imwinding  the  twisted  thread  wound  upon  the  swift  no  mechanism  has 
been  provided  for  cross- winding  the  thread  on  the  swift.  If  the  weavers 
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want  to  have  a  lefthanded  twist  on  the  machine  they  shoukl  fill  the 
bobbins  from  the  opposite  direction  (anti-clock  way)  and  the  wheel  also 
should  rotate  in  the  same  direction,  so  that  right-handed  and  left- 
handed  twists  can  be  given  on  the  machine  according  to  one's  require- 
ments. One  man  can  twist  about  6  chattacks  of  reeled  thread  in  a  day 
of  eight  hours.  The  cost  of  a  machine  will  be  about  Rs.  25.  Reeled 
thread  of  Tasar,  Muga  and  Mulberry,  and  cotton  thread  also,  can  be 
twisted   on  the  machine. 

Pierced  cocoons  are  generally  spun  into  thread  in  Bengal  and  Assam 
on  the  Charhha  and  Tahu.  Old  women  and  small  girls  are  engaged  in 
this  work  in  cottages  at  their  leisure  time.  We  pay  to  a  boy  who  spins 
for  us  about  Rs.  3-4-0  per  month  and  he  spins  about  one  seer  of  spun 
thread  in  a  month.  If  we  get  the  cocoons  spun  from  outside,  we  pay  at 
the  rate  of  Rs.  3-8-0  per  seer.  The  process  of  spinning  is  simple  and  can 
be  learnt  in  less  than  ten  days.  One  charlca  is  available  for  Rs.  2  and 
-a  Taku  for  six  pies.  In  Mysore  and  Kollegal  very  little  spinning  is  done 
and  the  cocoons  are  sold  to  the  merchants  for  exjDort.  There  is  a  great 
demand  for  handspun  silk  cloth  in  India  and  there  is  no  reason  why 
Mysore  and  Kollegal  should  not  take  to  handspinning.  If  this  is  done, 
some  profitable  work  can  be  given  to  women  and  some  new  weavers  also 
will  come  into  existence. 

We  are  carrying  on  experiments  both  with  vegetable  and  synthetic 
dyes.  Our  experience  is  that  vegetable  dyes  are  extremely  fast  but  dull 
in  appearance.  It  is  difficult  to  procure  all  the  materials  and  it  takes 
time  to  prepare  extracts  from  vegetable  dyes.  The  synthetic  dyes  are 
sold  on  a  large  scale  in  the  market.  The  process  of  dyeing  is  very  easy 
and  the  dyed  stuffs  are  bright  and  glossy  but  the  colour  is  not  very  fast. 

Silk-weaving  is  more  paying  than  cotton-weaving.  The  handlooms 
which  were  once  used  for  cotton  can  be  profitably  utilized  for  silk-weaving 
as  the  principles  of  weaving  cotton  and  silk  are  practically  the  same. 
The  cotton-weavers  who  have  taken  to  other  occupations  can  earn  more 
by  the  change.  India  imports  a  large  quantity  of  silk  fabrics.  Skilled 
labour  and  raw  materials  are  available  here.  The  only  thing  required 
is  capital  and  organization.  We  have  got  three  handlooms  and  three 
weavers  whom  we  pay  Rs.  432  per  year.  We  produce  about  Rs.  2,000 
■worth  of  silk  cloth  in  a  year.  We  make  a  n^tt  profit  of  Rs.  500  per 
annum.  If  deductions  are  made  for  the  weaving  experiments  carried 
out  by  us  the  profi't  can  be  raised  to  Rs.  700.  There  is  a  ready  sale  for 
our  goods  and  we  are  not  in  a  position  to  supply  even  the  Pusa  market. 
Our  silk,  like  all  indigenous  silk  goods,  is  very  durable  and  the  demand 
for  it  is  gradually  increasing.  Visitors  coming  to  Pusa  take  a  fancy  to 
our  silk  and  many  want  to  take  it  as  a  souvenir,  but  we  have  to  refuse 
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most  of  them,  as  oiir  silk  is  woven  for  experiments  to  show  what  can  be 
done  with  difierent  kinds  of  silk  thread.  Our  silk  could  be  sold  easily  if 
our  production  were  increased  by  five  times.  People  can  easily  invest 
their  capital  in  a  weaving  centre  and  we  can  show  them  the  way. 
Many  applicants  from  different  provinces  as  well  as  from  foreign 
countries  want  silk  from  us  but  we  transfer  their  requisitions  to  silk 
merchants  of  different  places. 


[Mr.  Be  exhibited  cocoons  of  the  various  races  and  crosses  mentioned  in 
his  paper.] 

Our  crying  necessity  in  Madras  is  disease-free  seed.  The  mulberry 
cultivated  with  us  is  for  multivoltine  races.  Have  you  any  variety, 
Mr.  De,  that  yields  as  well  as  Mysore  and  that  can  stand  disease  ? 

I  cannot  suggest  a  better  variety  than  Mysore.  Your  own  race  is 
.  the  best,  so  you  need  not  go  in  for  new  races. 

The  silk  industry  is  going  down  and  we  badly  want  a  disease-free 
race.     We  have  no  market  for  reeled  silk. 

That  is  because  the  weavers  in  China  and  Japan  can  produce  a 
standard  quality  of  thread  and  we  in  India  have  no  arrangements  for 
producing  thread  of  uniform  thickness  in  large  quantities. 

You  sent  us  a  cross  between  Madagascar  and  Pusa  races.  \Vhat 
do  j'oii  think  of  that  ? 

It  is  superior  to  the  Mysore  race  so  far  as  disease  is  concerned.  If 
we  breed  Nistari  and  Mj-sore  races  under  similar  conditions  we  find 
that  the  Nistari  race  stands  the  climate  better  than  the  Mysore  but 
Mysore  gives  a  good  result  as  regards  yield.  Many  rearers  in  Bengal 
want  to  get  the  Mysore  race,  but  it  is  a  Uttle  delicate.  One  maund  of 
the  Mysore  cocoons  will  give  three  seers  of  thread  whilst  one  maund  of 
Nistari  cocoons  will  give  only  two  and  a  half  seers. 

We  got  a  quantity  of  silk  well  reeled  but  found  no  market  for  it. 

Silk  is  in  such  demand  in  India  that  large  quantities  have  to  be 
imported.     It  is  strange  that  you  found  no  market  for  your  silk. 
Is  it  better  to  select  or  to  hybridize  to  obtain  a  disease-free  race  ? 
I  have  not  worked  on  those  lines. 


44.— PEBRINE  IN  INDIA. 
By  C.  M.  Hutchinson,  B.A.,  Imperial  Agricultural  Bacteriologist. 
[This  paper  was  given  as  an  evening  lecture  illustrated  by  lantern- 
shdes  from  micro-photographs.  This  paper  will  be  pubhshed  separately — 

Editor.] 
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E-^IE   II^T  MIECD  CF  ELIMINATING    PEBRINE  FROM 
THE    ML'LTIVOLTINE    SIIKWOEM    EACES  OF  INDIA. 

By  M.  N.  DEj  SericuUiiral  Assistant,  Pusa. 

(Plate  129.) 

Introduction. 

PebBne  is  a  disease  caused  by  a  species  of  s^orozoa.  It  is  a  terrible 
disease  in  silkworms.  Almost  all  the  domesticated  species  and  varieties 
of  silkworms  are  attacked  with  it.  The  wild  silkworm  races  are  generally 
more  immune  to  this  disease  than  the  domesticated  ones.  It  threatened 
the  existence  of  sericulture  in  Southern  Europe  in  1865.  A  crowd 
of  French  and  Italian  savants  began  to  investigate  the  inexplicable 
disease  but  no  one  was  able  to  find  out  the  true  cause  of  it  and  suggest 
any  remedial  measures.  "  Uncertainty  was  not  less  great  when  the 
disease  came  to  be  studied.  M.  de  Quatrefages,  after  a  careful  study, 
had  believed  to  be  able  to  characterize  it,  through  the  existence  in  the 
interior,  but  chiefly  on  the  surface  of  the  skin  of  the  worms,  of  small 
spots,  resembling  sprinkling  of  black  pepper  and  thus  had  given  it  the 
name  '  Pebrine.'  But  experience  showed  that  worms  might  have  these 
spots  without  having  the  disease.  By  continuing,  the  study  of  the 
disease  contiadictory  results  began  to  appear.  Thus  Messrs.  Lebert 
and  Frey  had  estabh.'hed  that  in  the  interior  of  all  the  worms  and 
moths  stricken  with  the  disease,  was  a  parasite  visible  only  through  a 
microscope,  the  corpuscle  observed  first  by  M.  Guerin  Meneville,  and  of 
which  M.  CornaHa  has  shown  the  pathological  importance.  But  accord- 
ing to  M.  Filiijpi  these  corpuscles  existed  normally  in  all  butterflies." 

A  real  progress,  however,  was  made  when  M.  Osino  discovered  the 
corpuscles  in  the  eggs  of  silkworms  and  when  M.  Vittadini  had  discovered 
that  their  number  increased  in  the  eggs  when  the  period  of  their  hatchino- 
approached.  The  means  of  selection  so  far  obtained  too  often  gave 
from  "  good  grain  ""  bad  results.  Very  often  seed  would  be  condemned 
on  uncertain  grounds  and  rearers  could  not  be  blamed  for  not  accepting 
the  advice  of  science.  This  was  the  situation  in  1865,  .when  M.  Pasteur, 
at  the  instance  of  M.  Dumas,  began  his  researches.  Next  to  nothint^ 
was  known  of  the  nature  and  cause  of  the  disease  and  efiorts  to  struggle 
.  against  it  had  remained  fruitless. 

The  researches  of  M.  Pasteur  have  entirely  elucidated  the  problem 
of  the  existmg  malady  and  led  to  a  practical  means  sure  to  arrest  it  and 
prevent  its  return.     He  clearly  pointed  out  the  cause  of  pebrine  and  its 
remedy.     Cellular  seed  and  microscopic  examination  of  each  mother  xte  Pasteur 
moth.   I.e.,   the    isolation   of   each    mother   in   a    separate   cellule   and  method. 
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microscopical  examination  of  its  juice  after  thoroiiglily  crushing  it  in  a 
mortar  and  pestle.  If  pebrine  spores  are  found  in  the  juice  then  the  eggs 
laid  by  the  moth  should  be  destro3^ed  but  if  no  pebrine  spores  are  seen 
in  the  juice  the  eggs  of  that  moth  should  be  kept  for  reproduction. 
This  is  the  "  pasteur  cellular  method."  This  method  is  generally 
practised  throughout  the  world  for  examination  purposes  both  for  univol- 
tine  and  multivoltine  races.  The  other  method  recommended  is  "  the 
The  Italian  method,  double  Zero  of  Italy."  In  this  method  both  the  male  and  female  moths 
are  pounded  together  for  microscopical  examination  and  the  eggs  laid 
by  the  mother-moth  are  thrown  away  if  the  juice  contains  pebrine 
corpuscles.  It  should  be  noted  that  the  male  parent  caimot  transmit 
the  disease  to  the  embryo  and  it  is  considered  not  advisable  to  examine 
the  father-moth  as  the  price  of  the  eggS  becomes  more  expensive, 
because  eggs  of  healthy  mothers  but  pebrinized  fathers  also  are  thrown 
away. 

The  Industrial  Methods. 
Different  methods  are  adopted  in  different  countries  as  they  are  less 
tedious  and  less  expensive  than  the  above  two  methods. 

1.  About  500  or  more  mother- moths  are  kept  on  a  piece  of  paper 
for  depositing  eggs.  Forty  or  fifty  moths  out  of  this  whole  lot  are 
examined  and  if  less  than  5  per  cent,  of  them  are  pebrinized  the  eggs 
are  kept  for  rearmg  and  the  cocoons  obtained  from  these  eggs  are  sold 
for  reeling  and  not  used  for  reproductive  purposes. 

2.  About  100  mother-moths  are  allowed  to  oviposit  on  a  paper  and 
the  moths  are  destroyed  when  the  deposition  is  over.  The  paper  con- 
taining the  eggs  is  rubbed  off  with  the  fingers  when  a  certain  number 
of  loose  eggs  is  dropped  from  the  paper  and  50  of  these  eggs  are  taken 
and  crushed  separately  in  10  lots  under  mortars  and  pestles.  Their 
juice  is  then  examined  under  a  microscope.  If  pebrine  corpuscles  are 
seen  in  more  than  5  per  cent,  of  these  lots  then  all  the  eggs  of  the  paper 
are  destroyed  but  thejr  are  kept  for  rearing  if  pebrine  corpuscles  are 
not  found  in  five  or  less  than  five  of  these  lots.  The  cocoonS  obtained 
from  these  eggs  are  generally  not  kept  for  reproductive  purposes. 

3.  Sometimes  eggs  laid  by  moths,  the  mothers  or  grand-mothers 
of  which  have  been  found  free  of  pebrine,  are  distributed  for  industrial 
rearing.  Industrial  eggs  contain  pebrine  spores  and  they  are  not  always 
Safe  to  rear. 

4.  In  the  Government  nurseries  of  Bengal   a   modified  system  of 
mgtijod.                   Pasteur   has  been  recommended   by  TVIr.   N.   G.   Mukerji.     Instead  of 

crushing  the  mother-moths  in    mortars  and    pestles  he  has  advised  to 
crush  them  in  paper  as  it  is  "  less  expensive."     Now  pebrine  corpuscles 
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may  attack  the  motlier-motlis  in  the  followmg  jjarts  : — (1)  AUmentary 
canal  and  its  appendages,  (2)  Muscular  system,  (3)  Adipose  tissue,  (4) 
Membrane  of  the  trachese,  (5)  Reproductive  organs,  (6)  Circulatory 
System  and  blood,  and  (7)  Nervous  system.  If  pebrine  corpuscles 
remain  in  any  of  the  above  parts  and  that  part  is  not  crushed  well  then 
the  spores  will  not  be  found  and  the  moths  will  be  passed  as  healthy. 
I  have  examined  moths  of  the  same  lot  on  many  occasions  according 
to  the  Pasteur  method  and  the  modified  method  of  Pasteur  as  recom- 
mended by  Mr.  Mukerji  and  I  have  seen  on  almost  all  occasions  more 
pebrmized  mother-moths  in  the  former  method  than  in  the  latter.  In 
Mukerji's  method  all  the  parts  are  not  crushed  well  and  a  cover  glass 
is  not  used  for  examining  the  juice  and  so  pebrme  corpuscles  are  not 
found  if  they  remain  in  the  uncrushed  part.  About  10  per  cent,  of  the 
mother-moths  which  have  been  attacked  with  pebrine  very  slightly 
generally  go  undetected.  If  the  major  portion  of  the  juice  is  taken 
from  the  colon  only,  as  it  appears  from  Bulletin  No.  75  of  Mr.  Hutchinson 
to  be  done  in  Bengal,  the  chance  is  that  rather  more  than  20  per  cent, 
of  the  moths  which  have  been  attacked  with  pebrine  will  go 
undetected. 

It  should  be  noted  that  in  the  nurseries  of  Bengal  seed  cocoons  are 
sold  instead  of  eggs.  Sometimes  a  large  percentage  of  the  moths  coming 
out  of  the  above  seed  cocoons  contain  pebrine  corpuscles,  which  is 
responsible  for  the  failure  of  the  crops.  If  disease-free  eggs  are  sold 
to  the  rearers  after  examining  each  moth  separately,  as  Mysore  and  all 
other  countries  of  the  world  are  doing,  the  failures  can  be  obviated. 
If  the  conservative  rearers  of  Bengal,  like  their  confreres  of  Mysore,  get 
good  crops  from  eggs  they  would  certainly  prefer  to  have  eggs  mstead 
of  seed  cocoons  from  the  nurseries.  The  time  has  perhaps  come  when 
we  should  stop  supplying  seed  cocoons  from  the  nurseries.  They  should 
produce  as  many  seed  cocoons  as  the  men  in  charge  can  examine  when 
the  moths  come  out  and  not  more.  The  industry  will  be  greatly  benefited 
if  responsible  overseers  are  sent  to  each  rearing  village  to  examine  the 
moths  of  all  the  rearers  and  allow  them  to  rear  the  healthy  eggs  only. 
The  rearers  will  gladly  bring  their  moths  for  examination  if  an  arrange- 
ment is  made  to  examine  them  in  a  central  place. 

The  rearers  of  Bengal  are  supplied  with  "  industrial  seeds  "  and  not 
with  healthy  eggs  and  so  it  cannot  be  said  that  the  Pasteur  system  of 
examination  has  failed  there.  Only  a  modified  method  of  Pasteur 
as  recommended  by  Mr.  Mukerji  has  been  tried  there  and  not  the 
Pasteur  system  in  toto.  It  has  not  failed  in  any  other  country  the  cli- 
matic conditions  of  which  are  similar  to  those  of  India.  If  any  examiner 
in  Bengal  takes  it  into  his  head  to  examine  the  major  portion  of  the 
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fluid  only  from  the  colon  for  microscopical  examination,  the  examiner 
must  be  found  fault  with  and  not  the  system. 

5.  Recently  another  modified  method  of  Pasteur  has  been  recom- 
mended to  be  practised  in  India  and  elsewhere  {vide  Bulletin  No.  75, 
the  Pebrine  disease  of  silkworms  in  India,  by  Mr.  C.  M.  Hutchinson, 
Imperial  Agricultural  Bacteriologist,  Agricultural  Research  Institute, 
Pusa).  In  this  method  "  a  minute  portion  of  the  gut,  removed  on  the 
needle  and  rubbed  with  water  on  the  sUde,"  is  examined  under  the 
microscope.  If  it  contains  pebrine  spores  the  eggs  laid  by  the  moth 
are  destroyed  but  if  no  pebrine  spores  are  seen  the  eggs  are  kept  for 
reproductive  purposes.  This  modified  method  is  said  to  be  superior  to 
all  other  existing  methods.  I  have  made  a  comparative  Study  of  this 
modified  method  and  the  Pasteur  method.  The  number  of  pebrinized 
and  healthy  mother-moths  as  observed  by  me  are  enumerated  in  the 
Tables  on  next  page.  The  eggs  of  these  consignments  were  from  diseased 
stoclcs. 

Thus  out  of  598  moths  examined  according  to  the  Pasteur  method 
I  found  459  pebrinized  moths  and  139  healthy  ones  and  out  of  the  same 
number  examined  according  to  the  modified  method  of  Pasteur  as  advised 
by  Mr.  Hutchinson,  I  found  455  pebrinized  moths  and  143  healthy  ones. 
The  latter  method  takes  a  longer  time  than  the  former  but  does  not 
appear  to  be  more  effective.  It  should  be  noted  in  this  connection  that 
one  examiner  can  examine  the  following  number  of  moths  in  different 
countries  in  one  day  of  eight  hours  : — 

Pasteur  method — 

France 1,000-1,200 

{Vide  Manuel  Pratique  du  Sericulture  by  Alp.  Blanchan. 
Number  of  working  hours  per  day  has  not  been  men- 
tioned ) 

Japan 700-900 

Kashmir 700-900 

Mysore 600 

Mukerji's  method — 

Bengal  250-300 

Hutchinson's  method — 

Pusa 200-250 

Vide  Proceedings  of  the  37th  Regular  Meeting  of  the 
Bengal  Silk  Committee  held  in  Calcutta  on  5th  July 
1918. 

I  examined  300  moths  in  8  hours  according  to  the  last  method. 
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In  the  Table  on  next  page  I  have  given  the  results  of  my  examina- 
tion of  the  gilt  only  according  to  Hutchinson's  method  and  then  the 
same  gut  is  crushed  with  the  body  of  the  moth  and  the  juice  is  ex- 
amined according  to  the  Pasteur  method  to  see  in  which  System  more 
pebrinized  moths  are  detected.     The  eggs  were  from  diseased  stocks. 

Thus  out  of  844  moths  the  gut  only  of  which  was  first  examined  and 
the  same  gut  was  crushed  with  the  body  of  the  same  moth  and 
examined  separately  333  and  334  pebrinized  moths  respectively  were 
detected. 

In  about  2  per  cent,  of  the  pebrinized  moths  I  have  seen  more  pebrine 
spores  in  the  body  excluding  the  gut  but  very  few  in  the  gut.  In  about 
13  per  cent,  of  the  moths  more  pebrine  corpuscles  were  seen  in  the  gut 
than  when  the  whole  body  including  the  gut  was  crushed.  In  about 
85  per  cent,  the  proportion  of  pebrine  was  equal.  The  corpuscles  were 
distributed  in  the  body-juice  when  the  body  includmg  the  gut  was 
crushed  and  there  was  no  difficulty  in  detecting  them.  In  very  few 
cases  one  or  two  pebrine  corpuscles  were  detected  in  the  gut  but  not 
a  single  one  in  the  body-juice.  In  rare  cases  I  have  noticed  one .  or  two 
corpuscles  in  the  body-juice  but  not  a  single  one  in  the  gut.  I  had 
to  throw  away  rather  more  than  5  per  cent,  of  the  moths  as  their  guts 
could  not  be  distinguished  on  account  of  decomposition  of  the  moths. 
I  have  also  noticed  that  if  the  entire  gut  is  not  crushed  well  and  a  mmute 
part  of  it  is  taken  by  a  needle  and  examined  as  advised  by  Mr.  Hutchinson 
pebrine  Spores  may  escape  notice  when  the  infection  is  very  mild  ;  if 
it  is  crushed  thoroughly  it  is  possible  to  detect  a  few  Spores  in  about 
two  or  three  per  cent,  of  the  moths  where  the  Pasteur  method  may  fail 
to  detect  them  if  thejnoths  are  not  treated  as  stated  later  on.  (Vide 
Bulletin  No.  74  also,  written  by  me.) 

It  has  be'en  noticed  that  when  the  moths  are  infected  with  pebrine 
acutely  or  moderately  there  is  no  difficulty  in  detecting  pebrine  cor- 
puscles by  either  of  the  methods  ;  but  when  the  infection  is  very  mild 
the  detection  becomes  difficult  by  both  the  methods  and  in  a  few  cases  it 
takes  more  time  if  examined  according  to  the  Pasteur  method.  This- 
difficulty  is  obviated  if  the  mother-moths  are  kept  at  about  70°-90°F, 
for  about  five  or  six  days  after  oviposition.  The  contents  of  the  colon 
are  dried  up  if  the  moths  are  kept  at  about  160°  to  180°F.  for  about 
three  or  four  hours  before  examination.  The  moths  in  the  above  table 
could  not  be  dried  well  as  it  would  have  been  difficult  to  separate  the 
gut  from  the  body.  I  have  noticed  that  the  multiplication  of  pebrine 
corpuscles  is  more  rapid  from  May  to  October  than  from  November  to 
April.     In  summer  they  propagate  quickly  but  their  multiplication  is 
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slow  in  winter.     In  cold  countries  they  multiply  slowly  but  in  hot  coun- 
tries they  multiply  rapidly.     {Vide  Pu^a  Bulletins,  Nos.  48  and  74.) 

We  hope  that  Mr.  HutchinSon,  by  his  further  researches,  will  be 
able  to  find  out  a  method  which  is  more  economical  and  effective  than 
the  Pasteur  method. 

Comparison   and   Ceiticism   of   the   Various   Methods. 

The  Pasteur  method.  It  is  Simple,  effective  and  economical.  The 
tnoths  are  crushed  by  boyS  and  girls  after  a  week's  practice.  In  France 
and  in  some  places  in  Japan  crushing  machines  containing  about  100 
•small  mortars  and  pestles  are  used  for  crashing  100  moths  at  a  time. 

The  double  Zero  of  Italy.  It  is  a  simple,  effective  but  does  not  appear 
to  be  as  economical  as  the  Pasteur  method  because  the  eggs  of  a  healthy 
mother  but  a  pebrinized  father  which  cannot  transmit  the  disease  to 
the  progeny  are  also  thro\\ai  away.  This  method  can  be  found  suitable 
for  improving  and  regenerating  a  rajse. 

The  Industrial  methods.  All  industrial  methods  are  very  simple 
'  and  "  economical  "  but  they  are  not  effective  at  all.  Industrial  eggs 
contain  pebrine  spores  and  they  are  not  safe  to  rear  as  cocoon  crops 
may  fail  because  it  is  not  known  to  what  extent  the  eggs  are  'pebrinized. 

The  Bengcd  method  as  modified  by  Mr.  Mukerji.  It  is  very  simple 
and  "  economical  "  but  not  so  effective  as  the  Pasteur  system  because 
all  the  parts  of  the  moths  are  not  crushed  well  and  cover  glasses  are 
not  used  at  the  time  of  examining  the  juice.  Pebrine  spores  escape 
notice  if  they  are  in  the  uucrushed  parts  when  the  infection  is  very 
•mild.  The  moths  can  be  crushed  by  ordinary  labourers  after  a  few 
days'  practice  and  an  ordinary  microscopist  can  examine  800 — -1,200 
moths  in  a  day  of  eight  hours  if  he  is  supplied  with  a  microscope  which 
is  provided  with  a  "  rough  adjustment  screw." 

The  modified  method  of  Pasteur  as  recommended  by  Mr.  Hutchinson. 
The  method  is  laborious  and  is  not  economical.  The  System  does  not 
seem  to  be  more  effective  than  the  Pasteur  method.  An  overseer  must 
be  trained  to  remove  the  gut.  It  takes  time  to  take  out  a  minute  part 
of  it  on  the  slide  with  a  needle.  There  will  be  waste  of  eggs  as  about 
10  per  cent,  of  the  moths  are  to  be  thrown  away  if  they  are  decom- 
posed or  dried  up  because  it  would  not  be  possible  to  distinguish  their 
guts.  An  irresponsible  overseer  can  take  out  any  part  of  the  body  lohich 
is  free  from  pebrine,  instead  of  the  mid-gut  when  the  infection  is  very  mild 
there  but  acute  in  the  ovaries  and  pass  the  diseased  moth  as  healthy. 
The  only  advantage  in  this  system  is  that  when  the  infection  is  mild 
in  the  mid-gut  it  will  take  little  time  and  attention  for  the  detection  of 
the  Spores  whereas  according  to  the  Pasteur  method  more   time  and 
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attention  will  be  required  and  in  a  few  cases  the  spores  may  go  unnoticed 
if  the  moths  are  not  treated  as  stated  later  on.  This  "  efficiency,"  secured 
at  the  cost  of  risk  and  economy,  do'es  not  appear  to  be  commensurate  with  the 
advantage  obtained. 

Comparison  of  the  Pasteur  Method  and  the  Modified  Method  of 
Pasteur  as   recommended   by   Mr.   Hutchinson. 

According  to  the  Pasteur  method  of  examination  one  microscopist 
with  the  help  of  two  labourers  to  crush  the  moths  can  examine  about 
800-1,200  moths  in  a  day  of  8  hours.  For  examinmg  the  same  800 
moths  according  to  Mr.  Hutchmson's  method  the  same  microscopist 
will  require  the  assistance  of  at  least  two  responsible  overseers.  In  other 
words,  for  examining  800  moths  according  to  the  Pasteur  method  the 
cost  will  be  about  one  rupee  whereas,  according  to  Mr.  Hutchinson's 
method  the  cost  will  be  two  rupees.  But  time  is  more  valuable  when 
the  multivoltine  moths  are  to  be  examined.  If  exammation  is  done 
according  to  the  Pasteur  method  three  trained  overseers  will  examine 
about  2,400  moths  in  a  day  whereas  the  same  men  will  require  abouJ>' 
three  days  to  examine  the  moths  accordmg  to  Mr.  Hutchinson's  method 
and,  if  they  cannot  examine  all  of  them,  the  eggs  of  unexamined  moths 
have  to  be  destroyed  as  they  will  hatch  on  the  eighth  or  umth  day  in 
summer.  One  advantage  of  this  method  is  that  the  examination  can 
be  commenced  on  the  first  day  after  oviposition  whereas  according  to 
the  Pasteur  method  it  would  be  better  if  the  examhiation  is  postponed 
for  three  or  four  days.  Pasteur  himself  advised  to  wait  for  a  few  days^ 
instead  of  examining  the  gut.  «« 

The  gut  theory  is  not  a  new  one.  It  is  as  old  as  Pasteur.  All  the 
sericulturists  of  different  countries  where  multivoltine  races  are  reared 
and  whose  cUmatic  conditions  are  similar  to  those  of  India  know  it  but 
they  have  preferred  the  Pasteur  method  as  recommended  by  him  and 
rejected  the  method  of  examining  the  gut.  The  following  letter,  which 
is  a  translation  of  Mr.  Lambert's  letter  in  French,  corroborates  the 
above  statements. 


Translation  of  Mr.  Lambert's  letter  dated  the  13th  April,  1918.  (He  is 
the  Director  of  ihe  Station  Sericicole,  Montpellier,  France.) 
"1.  Generally  speaking,  the  surest  means  for  detecting  the  pebriae 
germ  is  in  fact  to  examine  the  stomach  or  the  mid-intestine  of  the  cater- 
pillar. This  is  the  method  advised  by  Pasteur  himself  for  the  examina- 
tion of  pupse  in  the  bodies  of  which  the  abundance  of  fatty  globules- 
render  the  search  mo!-e  difficult,  as  the  corpuscles  are  less  numerous 
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Figs.  1  and  2.— Rough  dissection  of  a  silkworm  moth  (Bombux  muH). 
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Fig.  3.— Section  through  full-grown  mulberry  silkworm. 
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than  in  the  moths.  In  the  pupae  the  corpuscles  get  mingled  up  with  the 
globules  and  so  at  a  cursory  examination  one  is  likely  to  confound  the 
corpuscles  with  the  fatty  globules.  But  that  method  is  a  long  one  and 
for  the  moth  one  prefers  to  wait  a  few  days  after  ovipositiou  before 
proceeding  to  the  examination  in  order  to  give  to  the  parasite  time 
enough  to  multiply  itself  and  to  propagate  itself  sufficiently,  thus 
infecting  the  entire  body  of  the  moth  and  so  simplifying  the  work. 
The  corpuscles  are  then  very  abundant  and  one  can  detect  them  at  the 
first  glance  without  any  difficulty.  Besides,  in  the  moths,  even  when 
taken  immediately  after  the  termination  of  oviposition,  the  corpuscles 
are  already  sufficiently  abundant  in  the  cases  of  pebrinized  subjects  so 
that  it  may  be  very  easy  to  distinguish  them. 

2.  The  examination  of  the  mid-intestine  or  the  stomach  is  preferable 
when  it  is  intended  to  examine  the  iiupae.  Pasteur  has  in  fact  advised 
.similarly.  For  the  moth  this  is  not  at  all  necessary  and  this  process' 
will  be  a  very  long  one. 

3.  As  I  have  said,  the  corpuscles  since  the  maturity  of  the  worms 
(during  the  time  of  the  formation  of  the  cocoon  in  the  pupal  period  and 
during  the  Ufe  of  the  female  moth  until  after  the  oviposition)  have  had 
time  to  multiply  themselves.  They  have  multiphed  in  abundance  in 
the  body  of  the  animal  and  one  can  detect  them  without  difficulty. 
Thus,  by  limiting  the  examination  to  the  stomach  of  the  moth,  one 
would  prolong  without  any  utiUty  the  duration  of  the  operation  for 
microscopic  examination,  in  which  the  graineiir  has  a  great  economic 
interest  to  curtail  and  simplify  the  work  as  much  as  possible." 

This  is  tlue  in  Indian  climatic  conditions  also.  Our  figures  in  the 
Tables  corroborate  the  above  statement.  Pebrine  spores  cannot  be  Nature  of  Febrine. 
transmitted  to  the  embryo  if  they  are  confined  to  the  mid-gut.  If  egg-cells 
are  free  from  pebrine  then  they  cannot  contain  any  spores  in  them 
when  they  are  developed  into  eggs  as  the  corpuscles  cannot  infect  the 
emb  yo  through  the  chorion.  //  the  ovary  is  infected  with  j^ebrine  after 
the  formation  of  the  chorion  the  moths  will  lay  perfectly  liealthy  eggs  ;  some 
pebrine  spores  may  adhere  on  the  outer  shells  but  they  cannot  infect  the 
embryo.  These  spores  are  removed  by  washing  the  eggs  with  water. 
Pebrine  is  not  hereditary  m  this  sense.  When  the  infection  is  very  mild 
in  the  gut  and  if  we  fail  to  detect  pebrine  bodies  in  the  ovaries  the  spores 
will  not  be  able  to  transmit  them  to  the  progeny.  If  the  egg-cells  of 
pupae  are  infested  with  pebrine  then  in  99  cases  out  of  100  the  opores 
will  multiply  in  large  numbers  and  the  detection  becomes  easy  when 
the  moths  are  examined  on  the  fifth  or  sixth  day  after  oviposition. 
]So  one  can  say  defiiiitely  that  a  certain  moth  is  perfectly  healthy  and 
is  quite  free  from  pebrine  spores    unless    all  the  body-juice  including 
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the  gut  is  examined  drop  by  drop  till  all  the  juice  is  exhausted.  ._^This 
will  take  about  an  hour  for  examining  a  single  moth ;  but  there 
is  no  earthly  use  to  have  such  a  strict  examination  unless  especially 
required  for  some  experimental  purposes.  Pebrine  cannot  be  eradicated 
once  for  all.  It  is  sure  to  come  in  the  next  generation  through 
leaves.  The  Pasteur  system  is  defective  in  this  sense  if  any  one  .wants 
to  use  the  word. 

Views  expressed  by  Various  Authorities. 

Infection  may  take  place  through  (1)  heredity,  i.e.,  from  mother- 
moth  to  egg-cell  which  is  developed  into  an  embryo,  (2)  food  and  so 
through  the  alimentary  canal,  and  through  (3)  wounds  in  the  chitin  in 
the  caterpillar  stage. 

It  appears  that  there  is  no  difference  between  the  organism  (pebrine) 
in  the  silkworms  of  India  and  of  other  countries.  No  one  in  India  has 
found  anything  which  is  unlike  that  of  other  countries  although  the 
European  varieties  when  attacked  with  pebrine,  show  pencil  marks 
on  the  skin,  but  the  worms  of  India,  Siam,  China  and  Japan  generally 
do  not  show  these  spots.  The  life-history  of  Nosema  homhycis  (pebrine) 
seems  to  be  the  same  in  all  countries  and  in  all  stages.  The  pebrine  cor- 
puscles in  Indian  silkworms  are  a  little  smaller  than  those  of  Europe. 

1.  Heredity  Inje'clion  throngh  mother. 
"  The  egg  of  a  pebrinized  mother-moth  carries  the  germ  of  pebrine 
in  consequence  of  the  parasitic  growth  of  the  organism  in  the  female 
generative  organ.  The  spore  is  often  jDarasitic  to  the  egg-cell  and  is- 
often  enveloped  by  the  shell  while  the  egg  develops  ;  otherwise,  it  atta- 
ches itself  to  the  surface  of  the  egg."  {Vide  The  Silk  Industry  of  Japan 
by  I.  Honda,  Director  of  the  Imperial  Tokyo  Sericultural  Institute, 
1909,  page  120.)  According  to  Dr.  C.  Sasaki,  Professor  of  Sericulture 
and  Entomology  at  the  Agricultural  College,  Tokyo  Imperial  University, 
in  his  letter  to  me  of  the  2.5th  June  1918,  "  Pebrine  is  not  hereditary, 
but  only  transmitted  from  mother  to  the  ofisprings.  The  spores  are 
found  in  any  part  of  the  embryo  and  not  confined  to  a  particular  part. 
The  spores  germinate  in  every  tissue  of  the  silkworms  when  they  are 
introduced  from  the  infected  eggs,  but  when  a  non-infected  or  healthy 
worm  receives  the  spores  in  its  stomach,  then  they  will  germinate  in  the 
stomach."  But  according  to  Monsieur  F.  Lambert,  Director  of  the 
Station  Sericicole,  Montpellier,  in  his  letter  to  me  of  the  23rd  April  1918, 
"  L  '  invahissement  du  ver  par  les  corpuscles  de  la  pebrine  commence 
toujours  par  le  tube  digestif,  meme  dans  la  transmission  par  le  papillon. 
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femelle  dont  les  ovaires  sent  envahis  ;  de  la  le  parasite  gagiie  tous  les 
autres  organes  du  ver  sans  exception." 

If  we  accept  the  theory  of  Dr.  Sasaki,  then  a  caterpillar  which  has 
been  infected  with  pebrine  in  the  embryo,  hatches  out  with  pebriue  in 
its  organs.  If  the  disease  is  acute,  pebrine  spores  may  be  seen  only  in 
a  part  of  the  tissues  of  one  of  its  organs,  in  the  whole  organ  or  in  all 
the  organs  and  in  the  worst  case  it  will  die  of  exhaustion  before  maturity. 
If  the  caterpillar  is  very  mildly  infested  and  if  the  surrounding  conditions 
are  favourable  for  the  growth  of  the  pebrine  corpuscles  the  worm  may- 
die  of  the  disease,  but  if  the  conditions  are  not  favourable  then  a  case 
may  happen  in  which  pebrine  corpuscles  may  remain  in  the  generative 
organ  only  ;  so  that  hereditary  elimination  of  pebrine  is  not  possible 
in  all  cases  if  the  mid-gut  only  is  examined.  Our  experience  at  Pusa 
is  that  we  can  get  perfectly  healthy  caterpillars  and  moths  from  the 
eggs  of  a  pebrinized  mother-moth,  whose  ovaries  have  been  affected 
with  pebrine,  if  the  worms  are- carefully  attended  to. 

I  have  reared  eggs  of  pebrinized  moths  rather  carelessly  and  examined 
the  body  of  the  caterpillars  excluding  the  alimentary  canals  and  the 
alimentary  canals  separately  from  the  third  to  the  fifth  stages.  In  175 
cases  I  could  not  see  any  pebrine  spores  in  either  of  them.  In  II  cases  I 
saw  innumerable  spores  in  the  alimentary  canal  but  very  few  in  the 
body.  In  89  cases  I  found  innumerable  spores  in  the  body  but  few  in 
the  alimentary  canal. 

If  the  leaves  are  smeared  \\'ith  pebrine  spores  and  then  fed  to  the 
worms  of  the  5th  stage  they  consume  a  large  quantity  of  spores  and 
naturally  more  pebrine  corpuscles  are  found  in  the  gut  than  in  the  body 
cavity  when  the  worms  are  changed  into  moths. 

25  layings  of  the  Mysore  race,  laid  by  moths  which  were  infected 
with  pebrine  very  mildly  (only  one  spore  and  sometimes  not  a  single 
one  was  visible  in  a  field  of  the  microscope  at  the  time  of  the  examination 
of  the  moths),  were  reared  in  March.  The  worms  were  quite  healthy 
and  about  4  per  cent,  of  the  moths  were  found  to  be  pebrinized. 

2.  Infection  through  iood. 
Pasteur  and  other  savants  observed  long  ago  that  silkworms  are 
infected  with  pebrine  by  taking  the  pebrine  corpuscles  with  leaves. 
The  absorption  of  food  takes  place  in  the  alimentary  canal  and  naturally 
the  corpuscles  at  first  multiply  in  that  part  of  the  wall  of  the  alimentary 
canal  which  has  been  infested  first  and  then  they  attack  the  organs 
close  to  it.  The  multiplication  of  pebrine  will  not  be  necessarily  in  all 
the  parts  of  the  alimentary  canal  first  and  then  in  other  organs.  Cases 
may  occur  in  which  infection  is  very  mild  in  the  mid-gut  and  detection 
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of  the  spores  by  Mr.  Hutchinson's  method  is  not  possible,  but  acute  in 
the  ovaries  and  egg-cells.  Such  cases,  wliich  should  not  be  alloived  to  go 
undetected,  can  be  easily  noticed  by  the  Pasteur  method.  As  a  ride  pebrine 
spores  are  seen  more  in  the  fatty  tissues,  muscles  and  membranes  of 
the  tracheal  branches  of  silkworms  than  in  the  gut,  though  in  Apis 
mellifera  pebrine  spores  are  always  confined  to  the  gut  and  malpighian 
vessels.  "  Pasteur  himself  advised  to  examine  the  alimentary  canal 
of  the  caterpillars  and  pupae,  as  it  is  difficult  to  detect  the  pebrine 
corpuscles  when  they  remain  mixed  up  with  the  innumerable  fatty 
globules  because  the  multiplication  of  the  spores  is  limited  at  the  time, 
but  in  the  case  of  moths  he  has  advocated  the  examination  of  the  entire 
moth  and  not  the  alimentary  canal  only  as  pebrine  bodies  would  multiply 
sufficiently  in  this  stage "  {vide  Mr.  Lambert's  letter,  quoted  ante) 
If  pebrine  corpuscles  infest  only  the  mid-gut  and  not  the  female  genera- 
tive organ  they  will  exercise  the  same  influence  over  the  progeny  as 
the  sperm  of  a  pebrinized  father-moth,  which  is  generally  not  examined 
for  elimination  of  hereditary  pebrine.  The  corpuscles  cannot  be  trans- 
ferred in  the  egg-cell  if  only  the  mid-gut  is  affected  with  them  ;  they  can 
only  be  transferred  in  the  egg-cell  if  the  female  generative  organ  is  affected , 
and  hence  that  organ  must  be  examined  for  elimination  of  hereditary 
pebrine.  The  above  savants  did  not  think  it  safe  to  examine  the  gut  only 
or  any  particular  part  for  elimination  of  hereditary  pebrine. 

Mr.  Honda,  in  his  letter  to  me  of  the  17th  May  1918.  -writes  "  Whe- 
tlier  or  not  there  is  any  other  way  to  infect  than  the  alimentary  canal  is  a 
question  which  we  cannot  yet  decide.  However,  I  don't  hesitate  to  assert 
that  the  normal  way  is  the  alimentary  canal." 

3.  Infection  through  wounds  in  tlie  Chitin. 

Silkworms  may  be  attacked  with  pebrine  (though  rarely)  through 
wounds  in  the  chitin  and  then  to  the  various  internal  organs. 

M.  Pasteur  observed  pebrine  bodies  through  woimds  in  the  skin 
by  infecting  pebrine  corpuscles  with  a  needle.  He  says  in  his  Et^ides 
sur  la  maladie  des  vers  a,  soie,  page  130.  published  in  1870,  "  Dans  le  lot 
temoin,  pas  un  seul  des  papillons  n'a  offert  la  moindre  trace  de  corpuscles, 
Dans  le  lot  contagione  par  la  nourriture,  tous  les  papillons,  sans  excep- 
tion, furent  corpusculeause  de  100  a  200  corpuscles  par  champ. 

"  Enfin  dans  le  lot  contagionne  a  I'aide  de  blessures  injectees,  sept 
papillons  seulement  ofirirent  des  corpuscules,  de  50  a  200  par  champ. 

"  Le  contagion  par  piqures  infectees  a  done  lieu,  mais  elle  est  moins 
siire  que  par  le  canal  intestinal,  ce  a  quoi  il  faillait  s'attendre,  parceque 
le  sang  qui  de  la  blessure  ne  laisse  pas  toujours  penetrer  les  corpuscules 
qu'on  cherche  a  inoculer." 
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In  all  rearingf.,  when  a  large  number  of  worms  is  cultivated,  they 
crawl  one  upon  another  and  scratch  the  skin  with  the  claws  of  their  legs 
and  in  this  way  wounds  are  made  in  the  skin.  Many  worms  of  a  big 
rearing  carry  such  wounded  spots  which  may  not  be  visible  in  a  small 
rearing.     Regarding  this  point  Pasteur  says  in  the  above  book  : — 

"  Ces  blessures  sont  faites  principalement  par  I'extremite  des  six 
crochets  qui  terminent  les  pattes  des  anneaux  anterieurs  de  la  larve.  A 
I'epoque  de  la  montee  a  la  bruyere  il  est  rare  de  trouver  une  education 
industrielle  dont  tons  les  vers  ne  portent  pas  de  ces  taches  de  piqures. 
Je  ne  reviendrai  pas  ici  sur  les  preuves  peremtoires  que  j'ai  donnees 
dans  le  paragraphe  pricite  pour  demontrer  que  ces  taches  sont  unique- 
ment  produites  par  le  fait  de  la  vie  en  commun  des  vers." 

If  there  are  pebrinized  worms  in  the  rearing  their  f*ces  will  contain 
pebrine  spores  which  may  enter  through  these  wounds  and  attack  the 
internal  organs  where  they  will  multiply.  Regarding  this  point  Pasteur 
goes  on  in  the  same  book  : — 

'  qu'un  ver  enfonce  les  crochets  de  ses  pattes  anterieures,  ici  dans 
Tin  crottin,  la  dans  un  ver  corpusculeux  qu'U  aille  ensuite,  de  ces  memes 
crochets,  piquer  un  ver  sain,  0  n'en  faudra  pas  davantage  pour  que  ce 
dernier  soit  contagionne.  Prenez,  dans  une.  education  ou  regne  la 
pebrine,  des  vers  quelconques,  et  lavez  dans  une  goutte  d'eau  I'extremitl 
des  crochets  qui  terminent  les  pattes  ;  la  goutte  d'eau  vous  montrera 
ensuite  an  microscope  un  assez  grand  nombre  de  corpuscules." 

Mr.  P.  Vieil  in  his  Sericulture,  Edition  1905  {Encyclopedie  agricole), 
page  131,  says  about  th?se  wounds  : — 

"  Le  plus  souvent  a  la  surface  de  la  peau  des  vers  malades  on 
remarque  des  taches  noires  disseminees  irregulierement,  ce  qui  a  fait 
donner  a  la  maladie  le  nom  de  pebrine.  II  ne  faut  pas  confondre  ces 
taches  avec  les  cicatrices  des  blessures  que  se  font  mutuellement  les 
vers  avec  I'ongle  terminal  des  pattes  anterieures." 

Mr.  I.  Honda,  Director  of  the  Sericultural  College,  Tokyo,  has  WTitten 
to  me  the  following  in  his  letter  of  the  8th  May  1917,  ■'  larvae  are  attacked 
by  pebruie  chiefly  through  the  mouth  or  rarely  wounds  of  skin." 
•  Mr.  Aomori,  Professor  of  Sericidture,  in  his  Japanese  book  on 
"Diseases  of  silkworms"  has  corroborated  the  statement  of  Mr.  Honda. 
.  Dr.  C.  Sasaki  has  written  to  me  the  following  in  his  letter  of  the 
25th  June  1918  : — "  I  do  not  know  whether  the  spores  are  introduced 
into  the  silkworms  from  woimds  or  not ;  but  if  we  inject  the  spores 
into  the  body  of  silkworms  they  will  germinate  in  the  body  of  the  host." 
According  to  Mr.  Lambert,  caterpillars  cannot  be  infected  through 
the  skin. 
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I  took  100  healthy  worms. of  the  third  stage  and  injected  pebrine 
spores  with  a  hypodermic  syringe.  About  70  worms  died  of  wounds  but 
six  worms  showed  a  very  small  number  of  pebrine  spores.  In  another 
lot  100  healthy  worms  of  the  same  consignment  were  reared  for  control 
of  which  two  only  were  attacked  with  pebrine.  I  repeated  the  above 
experiment  with  100  worms.  Eighty-nine  of  them  died  of  wounds  but 
I  could  not  find  a  single  pebrinized  worm  out  of  the  eleven  surviving 
ones  on  the  fifth  day  after  injection.  The  failure  of  contagion  in  this 
case  is  perhaps  due  to  the  following  causes  : — (1)  At  the  time  of  inocula- 
tion blood  comes  out  of  the  wound  and  does  not  allow  the  pebrine  cor- 
puscles to  penetrate  inside.  (2)  The  lymph  cells  of  the  worms  could  also 
eat  the  spores  and  thus  the  worms  got  rid  of  the  corpuscles.  (3)  When 
worms  get  the  infection  through  wounds,  their  tissues  and  muscles  are 
attacked  and  then  the  ovaries. 

Regarding  the  development  of  the  reproductive  organs,  P.  Yieil 
in  his  book  on  Sericulture,  pp.   109-110,  says  : — 

"  Les  tissus  hypodermiques  et  adipeux,  les  trachees,  les  muscles, 
vont  se  desogreger  et  former  une  sorte  de  bouillie  composee  d'une  infinite 
de  cellules  qui  se  rapproche  de  la  substance  vitelline  de  I'ceuf 

Aux  depens  de  cette  bouillie,'  d'autres  muscles,  d'autres  teguments, 
de  nouvelles  trachees  vont  se  former  et  les  organes  reproducteurs  vont 
s'accroitre." 

If  the  reproductive  organ  and  not  the  mid-gut  is  attacked  through 
wounds  the  new  method  fails  to  eliminate  the  hereditary  infection  of 
pebrine  corpuscles. 

Summary  of  conclusions. 
From  what  has  been  said  above  we  come  to  following  conclusions: — 

1.  Infection  can  take  i^lace  in  three  possible  ways, 

(1)  By  heredity, 

(2)  By  eating  the  pebrine  spores  with  leaves, 

(3)  By  infection  through  wounds. 

2.  It  is  possible  that  by  proper  care  the  progeny  of  a  pebrinized 
mother,  whose  ovaries  have  been  infested  with  pebrine,  may  be  cured 
of  the  disease  ;  but  there  is  always  risk  of  breeding  from  a  diseased  stock. 

3.  In  almost  all  cases  of  early  infection  the  spores  are  so  abundant 
in  the  moth  that  they  can  easily  be  detected  by  the  Pasteur  method. 

4.  If  infection  takes  place  through  food  on  the  day  of  spinning  (after 
that  the  worms  cannot  be  infected  through  food)  the  organism  gets  at 
least  15  days'  time  to  multiply,  which  time  is  sufficient  for  the  multi- 
plication of  the  spores  provided  the  surrounding  conditions  are  favour- 
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able  for  their  propagation,  a>nd  they  can  be  detected  easily  by  the  Pasteur 
method. 

5.  In  cases  of  very  mild  attack  when  the  spores  are  limited  to  the 
gut  it  is  certainly  true  that  the  corpuscles  may  escape  detection  by  the 
Pasteur  method  when  it  is  possible  to  detect  them  by  Mr.  Hutchinson's 
method,  but  it  is  open  to  question  how  far  the  ovaries  are  attacked  in 
such  cases.  If  planont,  schizont  or  meront — the  undeveloping  forms 
of  pebrine — remain  in  the  ovaries  it  is  natural  to  expect  at  least 
some  fully-developed  forms  also  which  will  be  detected  at  once. 

6  As  hereditary  infection  takes  place  through  the  ovaries  only  any 
method  which  does  not  take  them  into  consideration  does  not  seem  to  be 
infallible. 

7.  The  male  parent  cannot  transmit  the  disease  to  the  progeny  ; 
therefore  the  examination  of  the  male  is  not  essential.  The  sperm  of  a 
pebrinized  male  will  exercise  the  same  influence  over  the  progeny  as  the 
spores  of  a  pebrinized  mother  if  they  are  limited  to  the  gut  and  other 
organs  excluding  the  ovaries.  Pebrine  is  not  hereditary,  but  only 
transmitted  from  mother  to  the  offspring. 

8.  Multivoltine  mother-moths  must  be  examined  within  seven  or 
eight  daj's  after  oviposition.  In  summer  many  moths  dry  up  in  five 
or  six  days  and  during  the  rains  many  are  decomposed  in  about  three 
or  four  days,  when  it  becomes  difficult  to  find  out  the  mid-gut.  About 
10  per  cent,  of  the  mother-moths  and  therefore  their  eggs  have  to  be 
thrown  away  as  their  guts  cannot  be  taken  out  on  account  of  decom- 
position and  cb-ying  up  of  the  moths.  If  examination  is  done  according 
to  the  Pasteur  method  the  above  moths  can  be  examined.  If  (he  examiner 
takes  out  any  tissue  from  the  body  of  the  moth  which  is  immune  to  Pebrine 
spores  instead  of  the  mid-gut  which  is  mildly  infected  with  pebrine,  he  will 
fail  to  detect  the  pebrine  spores  though  the  ovaries  are  attacked  ivith  them . 
The  gut  must  be  crushed  well.  If  a  minute  part  of  it  is  taken  as  advistd 
by  Mr.  Hutchinson  then  some  pebrinized  moths  may  go  undetected. 
It  appears  to  me  that  better  results  would  be  obtained  if  the  moths  are 
treated  and  examined  as  under  : — 

On  the  fourth  or  fifth  day  after  oviposition  a  mother-moth  should 
be  placed  on  a  thick  paper.  The  middle  part  of  the  abdomen  betweeji 
the  colon  and  the  mid-gut  should  be  held  from  behind  the  paper  with 
the  thumb  and  forefinger  of  the  left  hand  and  the  thorax  should  be 
caught  and  separated  from  the  abdomen  by  means  of  the  thumb  and 
forefinger  of  the  right  hand.  If  the  middle  part  is  pressed  now,  then 
the  ovarian  tubes  and  gut  will  come  out  of  the  interior  part  of  the 
and  the  contents  of  the  colon  will  come  out  of  the  anus.    (If  by 
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chance  the  fingers  are  soiled  with  the  juice  they  should  be  washed  with 
water  at  once.)  A  few  drops  of  5  per  cent,  solution  of  caustic  potash 
should  be  put  on  the  ovarian  tubes  and  the  gut  which  should  be 
rubbed  well  with  a  slide  so  that  the  ovarian  tubes  are  crushed  and  the 
gut  also  is  mixed  up  with  the  solution.  This  juice  should  be  taken  with 
the  same  slide  and  should  be  examined  with  the  help  of  a  cover- 
glass.  Dry  and  decomposed  moths  should  be  crushed  in  mortars  and 
pestles.  A  labourer  can  learn  the  work  in  a  day  or  two.  One  microscopitt 
will  be  able  to  examine  800-1,200  moths  in  a  day  of  eight  hours.  I  do 
not  advise  the  examination  of  the  moths  before  the  third  or  fourth  day 
after  oviposition  unless  eggs  are  required  to  be  sent  to  some  distant 
place. 

It  should  be  noted  that  there  is  some  risk  in  allowing  irresponsible 
men  to  prepare  the  slides  as  described  above.  If  the  examiner  prepares 
the  slides  he  will  be  able  to  examine  about  500  moths  in  a  day  of  eight 
hours. 

9.  If  the  infection  is  possible  through  wounds  in  the  skin  the  examina- 
tion of  the  whole  moth  or  the  ovaries  can  be  the  only  sure  test  of  the 
disease.  In  such  cases  it  is  probable  that  the  infection  may  not  have 
reached  the  stomach  or  gut. 

10.  The  Pasteur  system  is  not  perfect  and  there  is  room  for  improve- 
ment. We  will  gladly  accept  any  system  which  is  more  effective  and  at 
the  same  time  economical.  The  modified  method  of  Pastern:  as  recom- 
mended by  Mr.  Hutchinson  is  certainly  more  effective  than  the  Bengal 
method.  It  is  as  effective  as  the  Pasteur  method  but  it  is  open  to  ques- 
tion whether  it  can  be  adopted  commercially,  at  any  rate  under  the 
present  conditions.  In  the  words  of  Mr.  Lambert  (one  of  the  pupils  of 
Mr.  Pasteur  and  who  had  the  advantage  of  working  under  him  and  who 
is  one  of  the  greatest  living  sericultural  authorities).  Director  of  the 
Station  Sericicole,  Montpellier,  France,  in  his  letter  to  me  of  the  13th 
April,  1918  (vide  quoted  above),  "  No  useful  purpose  would  be  served 
by  limiting  the  examination  to  the  gut.  Every  one  wants  to  have  a 
method  which  is  simple  and  economical.  The  gut  theory  is  not  a  new 
one.  It  is  as  old  as  Pasteur  himself.  He  preferred  to  wait  for  the 
examination  of  the  moths  for  a  few  days  instead  of  examining  the  gut." 
All  sericulturists  from  the  time  of  Pasteiu  knew  that  infection  takes 
place  through  leaves  and  hence  through  the  alimentary  canal  but  they 
■did  not  think  it  advisable  to  examine  only  the  mid-gut.  The  nmltivol- 
tine  mother  moths  are  examined  according  to  thi  Pasteur  method  in  -places 
like  Japan,  China,  Siam,  French  Indo-China,  Madagascar,  etc.  If 
ive  try  the  Pasteur  method  in  India  the  disease  ivill  be  controlled  as  it  is 
being  done  in  the  above  countries. 
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11.  Taking  everything  into  consideration,  the  multivoltine  mother- 
motlis  of  India  should  be  crushed  in  mortars  and  pestles  as  recommended 
by  Pasteur.  For  easy  and  rapid  detection  of  pebrine  corpuscles  the 
moths  should  be  treated  in  the  following  way  as  practised  in  some  coun- 
tries. In  Japan  multivoltine  moths  are  examined  with  or  without 
drying.  In  many  countries  the  multivoltine  moths  are  examined  with- 
out drying. 

(a)  Fifty  or  sixty  mother-moths  are  placed  on  a  paper  after  separa- 
ting the  pairs.     The  paper  is  shaken  by  holding  one  of  its 
ends.     The  moths  will  excrete  liquid  so  that  there  will  not  be 
much  exudation  of  the  colon  at  the  time  of  crushing  them 
for  microscopical  examination.     Then  they  are  allowecl  to  lay 
eggs. 
(6)  The  mother  moths  are  then  isolated  in  paper  bags  on  the  fir.st 
r.ight  after  oviposition  at    about  80°-95^F.  for  about  four 
or  five  days  and  then  dried  for  three  or  four  hours  at  about 
160''-180°F.     This  will   help  the  multiplication  of  pebrine 
corpuscles  and  the  contents  of  the  colon  also  will  be  dried 
up.     The  number    of    the   bag  containing  a  moth    should 
correspond  with  the  number   of  the  laying  oviposited  by  it 
so  that  the  eggs  laid  by  each  moth  can  be  ascertained, 
(c)  The  moths  are  examined  on  the  fifth  or  sixth  day  after  oviposi- 
tion after  removing  the  wings.     They  are  thoroughly  crushed 
in-  glass  or  forcelain  mortars  and  fcstles  with  a  few  drofs  of 
5  per  cent,  solution  of  caustic  potash  which  dissolves  the   fat- 
bodies  to  a  great  extent. 
12.  The  nurseries  should  sell  healthy  eggs  and  not  seed  cocoons. 
The  industry  will  be  greatly  benefited  if  responsible  overseers  are    sent 
to  each  rearing  village  to  examine  the  moths  of  all  the  rearers  and  pro- 
fessional cocoon-sellers  and   allpw  them  to  rear  the  healthy  eggs  only. 
The  rearers  will  gladh'  bring  their  moths  for  examination  if  an  arrange- 
ment is  made  to  examine  them  in  a  central  place.     Instead  of  producing 
seed-cocoons  on  a  large  scale  the  energy  of  the  overseers  should  be  diver- 
ted to  this  direction. 

It  must  be  conceded,  as  pointed  out  by  Mr.  Hutchinson  in  his  Bulletin 
No.  75,  that  after  fifty  years'  practice  of  the  Pasteur  method  the  disease 
has  not  been  eradicated  in  France.  The  Pasteur  method  has  so  far 
only  succeeded  in  controlling  the  disease.  If  it  is  possible  to  eradicate 
it  altogether  such  scientific  methods  as  that  of  Mr.  Hutchinson  woidd 
be  a  great  help  to  the  sericulturist.  At  present  we  do  not  know  all 
that  we  shoidd  know  about  the  origin   of  the  disease  and  of  its  other 
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possible  hosts,  which  factors  are  essential  for  a  successful  attempt 
to  eradicate  the  disease.  As  things  are  at  present  in  India,  an  expensive 
scientific  method  is  not  likely  to  be  popidar  amongst  the  rearers  who 
would  naturally  go  in  for  eggs  which  are  cheap  and  reasonably  free  from 
disease.  Let  us  hope  that  in  the  near  future  new  methods  of  detection 
of  pebrine,  backed  by  legislation,  may  help  us  in  successfully  combating 
this  terrible  disease.  It  will  be  only  then  that  India  will  regain  her 
former  position  amongst  the  great  silk-producing  countries  of  the 
world. 

I  would  like  to  make  a  few  remarks  on  the  observations  made  by 
Mr.  De  on  the  pebrine  diseases  of  silkworms  in  his  paper.  I  had  intended 
to  deal  with  it  more  in  detail  as  Mr.  De  had  brought  forward  many 
observations  with  which  I  did  not  agree.  But,  as  we  have  already  had 
the  advantage  of  listening  to  the  instructive  lecture  of  Mr.  C.  M. 
Hutchinson  on  the  same  subject  I  think  it  will  be  unnecessary  for  me 
to  bring  forward  again  some  -of  those  points  before  you.  In  the  first 
place  I  camiot  possibly  be  expected  to  explain  them  as  the  learned 
speaker  had  stated.  Besides,  I  think  sufficient  light  has  been  thrown 
on  most  of  the  important  points  in  connection  with  the  advantages  of 
the  gut  examination  of  moths.  I  would  therefore  confine  myself  to 
pointing  out  some  points  which  I  have  observed  in  the  course  of  my 
practical  experience  in  the  nurseries  under  my  supervision. 

Mr.  De  in  his  paper  has  stated  that  in  Bengal  we  do  not  follow,  strictly 
speakmg,  the  Pasteur  system  of  the  examination  of  moths.  He  lays 
the  blame  on  us  on  the  ground  that  we  use  paper  for  crushing  the  moths 
instead  of  using  pestles  and  mortars  for  the  same  purpose.  I  am  not 
aware  that  there  is  any  cogent  reason  for  making  this  assertion,  for, 
if  I  am  not  mistaken,  what  Pasteur  stated  was  that  the  moths  should 
be  sufficiently  crushed.  In  one  of  his  Bulletins  Mr.  De  has  clearly  stated 
that  the  crushing  should  be  done  with  paper.  This  again  he  wrote 
while  describing  the  Pasteur  system.  It  seems  that  since  the  publica- 
tion of  his  Bulletin  he  has  changed  his  opinion.  But  simply  on 
account  of  his  change  in  views  I  cannot  see  any  justification  in  asserting 
that  in  Bengal  the  system  adopted  in  the  nurseries  is  not  the  Pasteur 
system  simply  because  we  do  happen  to  have  substituted  paper  for 
pestles  and  mortars.  So  far  as  my  experience  goes  I  have  not  found 
that  the  use  of  paper  has  been  a  great  drawback  for  crushing  the  moths 
sufficiently  well  and  I  do  not  think  that  it  will  help  us  in  any  other  way 
than  by  introducing  a  more  laborious  and  uneconomical  process.  Regard- 
ing the  opinion  expressed  by  Monsieur  Lambert  in  his  letter  to 
Mr.  De,  I  am  of  opinion  that  M.  Lambert  probably  did  not  consider  the 
conditions  under  which  we  have  to  labour  in  India.     M.  Lambert  ex- 
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presses  the  opinion  that  a  moth  examined  on  the  day  after  oviposition  will 
te  sufficiently  infected  to  enable  one  to  detect  the  pebrine  corpuscles. 
I  cannot  possibly  think  this  to  tally  with  our  results.  Mr.  N.  G.  Mukerj  ee 
in  his  Handbook  of  Sericulture  clearly  stated  that  no  examination,  except- 
ing that  in  the  winter  season,  can  be  taid  to  be  perfect,  for  in  other 
seasons  the  number  of  days  at  our  disposal  for  the  examination  is  too 
short  to  enable  the  development  to  be  sufficiently  advanced  so  as  to  be 
detected  in  the  earlier  stages  of  the  moths.  This  is  quite  true,  as  we 
have  ourselves  noticed  that  the  percentage  of  pebrine  increases — or 
rather,  the  detection  becomes  more  efficient — the  longer  we  wait  (as 
long  as  possible)  and  have  our  examinations  on  the  day  previous  to 
hatching,  or,  if  we  have  too  many  moths  to  examine,  this  is  done  a  day 
or  two  earlier  but  seldom  before  the  sixth  day.  Even  with  such  strict 
measures  we  are  helpless  in  combatting  this  disease  to  a  large  extent. 
Had  it  not  been  for  the  elucidation  of  this  problem  by  the  work  of 
Mr.  C.  M.  Hutchinson  we  would  have  been  at  a  loss  to  account  for  the 
reasons.  Mr.  Hutchinson's  experiments  have  enabled  us  to  ascertain  the 
causes  and  at  the  same  time  have  offered  an  easy  solution  to  this  difficult 
problem. 

In  our  examinations  of  the  pupse  we  have  not  been  able  to  estimate 
properly  the  exact  nature  of  the  proportion  of  the  disease.  For  selecting 
a  lot  for  seed-purposes  we  generally  try  a  number  of  pupae  and  if  the 
percentage  be  above  two  to  three  per  cent,  in  the  pupae  the  lot  is  re- 
jected altogether  for  seed-purposes  and  subsequent  examination  in  the 
moth  Stage.  A  fresh  lot  is  selected.  In  many  cases  even  when  the 
pupae  showed  no  pebrine,  it  afterwards  turned  out  that  the  moths 
had  shown  about  10  per  cent,  disease.  There  can  be  no  question  of  the 
drawbacks  for  using  paper  in  the  case  of  pupae.  The  examination  of 
the  guts,  however,  revealed  the  existence  of  pebrine. 

In  Europe,  where  univoltine  races  are  reared,  there  is  a  lesser  accu- 
mulation of  pebrine  germs  for  infection  before  the  next  rearing  is  com- 
menced. So  that  the  chances  of  outward  infection  are  very  little,  whilst 
in  Bengal,  where  multivoltine  races  are  reared,  the  germs  are  constantly 
being  accumulated,  as  one  crop  follows  another  in  quick  succession. 
In  our  May  to  August  crops  the  larval  period  is  finished  in  twenty  days 
and  the  moth  emerges  out  of  the  cocoon  within  seven  to  eight  days. 
There  is  nothing  analogous  to  Such  rearings  in  Europe.  Apart  from 
these  facts,  the  conditions  in  India  are  not  similar  to  European  condi- 
tions. I  would  like  also  to  point  out  that  even  in  Europe  with  all  such 
advantages  pebriae  has  not  been  totally  eliminated  from  scientific 
grainages.  This  may  not  necessitate  such  strict  measures  in  Europe  as 
they  are  more  favourably  circumstanced  than  what   we  may  expect  to 
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be  in  Bengal.  Kashmir  may  be  compared  with  Europe  so  far  as  these 
advantages  are  concerned  so  as  to  get  an  instance  near  at  hand.  But 
I  understand  that  even  now  they  have  not  been  able  to  successfully 
introduce  their  own  seeds  in  Kashmir. 

In  my  Hill  experiments  I  had  noticed  that  a  diseased  lot  had  shown 
lesser  percentage  of  disease  when  reared  in  the  Hills  after  examination 
according  to  the  system  prevalent  in  Bengal.  But  the  control  reared 
at  Berhampore  showed  more  percentage  of  disease  although  reared 
after  similar  examination.  It  may  be  said  that  in  the  Plains  the  chances 
for  outward  infection  are  greater  or  it  may  be  that  the  conditions 
are  not  so  favourable  for  the  disease  to  have  multiplied  rapidly.  In  any 
case  the  conditions  are  hkely  to  have  played  a  very  important  part 
so  that  the  infection  of  pebrine  was  higher  in  one  case  than  in  the 
other. 

From  what  Mr.  De  has  quoted  from  Monsieur  Lambert's  letter 
regarding  the  examination  of  the  gut  in  the  case  of  the  pupae  as  an 
effective  method,  I  think  the  conditions  under  which  we  have  to  labour 
in  India  are  such  that  we  may  consider  our  position,  so  far  as  the  time 
available  for  the  development  of  pebrine  is  concerned,  as  practically  the 
same  for  the  pupal  stage  in  Europe  and  the  pupal  plus  the  moth  stage 
in  India,  owing  to  the  cycles  being  finished  within  a  very  short  period. 

I  have  had  ample  opportunities  of  closely  following  the  method 
advocated  by  Mr.  Hutchinson.  I  have  studied  the  various  points  in 
comiection  with  the  techniq\ie  of  this  problem.  So  far  as  practical 
application  is  concerned  I  have  tried  minutely  to  examine  the  relative 
importance  of  both  the  methods  by  actual  trials  in  the  nurseries  under 
me.  I  submit  below  some  results  of  my  examinations  which  I  had 
already  submitted  to  the  Bengal  Silk  Committee  meetings.  I  would 
like  however,  to  point  out  that  in  each  case  I  have  given  the  figures  of 
the  examination  of  two  overseers  who  have  been  helping  me  in  examina- 
tions in  the  nurseries.  This  has  been  purposely  done  so  as  to  test  the 
actual  figures  according  to  the  average  possible  for  the  nursery  staff 
in  Bengal.  The  examinations  were  done  under  my  supervision  and  the 
good  moths  passed  by  them  again  re-checked  by  me  so  as  to  avoid  any 
possibility  of  error.  I  might  add  that  in  each  case  the  percentage  was 
derived  from  a  number  of  250  to  300  moths. 

The  examination  figures  of  the  summer  and  rainy  seasons  are  shown, 
as  this  is  the  time  when  the  difiiculties  are  more  pronounced,  as  the 
winter  crops  are  not  so  unfavourable  for  a  reliable  examination. 

I  am  giving  only  two  instances,  although  we  had  made  a  number 
of  tests.  In  one  lot  examined  on  the  fourth  day  after  the  emergence 
of  the  moths,  according  to  ]\Ir.  Hutchinson's  method  we  obtained  & 
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per  cent,  pebrine  against  3  per  cent,  by  the  old  system.  The  average 
number  examined  by  one  man  in  one  hour  came  to  46  whilst  in  the  case 
of  the  old  system  it  was  57. 

The  examination  of  the  second  lot  on  the  seventh  day  after  the 
emergence  of  the  moths  showed  21  per  cent,  for  the  gut  examination  and 
10  per  cent,  for  the  other.  The  rate  of  examination  per  hour  was  42 
in  the  case  of  the  gut  against  .72  of  the  other. 

The  percentage  of  detection  is  so  high  as  to  render  the  question  of 
time  altogether  a  negligible  factor.  If  for  economising  time  and  labour 
we  are  ready  to  leave  behind  at  least  50  per  cent,  of  the  diseased  specimens 
in  our  seeds  I  doubt  whether  we  can  ever  expect  to  combat  the  ravages 
caused  by  this  disease. 

The  figures  put  forward  by  Mr.  De  in  his  paper  are  taken  from  his 
winter  examinations  of  November-December-January  crops,  when 
conditions  are  favourable  for  the  Pasteur  examination,  and  do  not  test 
its  efficiency  for  use  in  the  Rains.  My  figures  are  from  the  May-July 
crops,  which  is  the  period  when  these  difficulties  occur.  Besides  that, 
in  Mr.  De's  examinations  the  percentage  of  disease  was  so  high  as  70  to 
80  per  cent,  diseased  so  that  any  method  of  examination  would  have 
found  pebrine.  This  high  percentage  in  the  Pusa  Silk-house  does  not 
reflect  credit  on  the  method  adopted  there  for  eliminating  the  disease. 

It  has  been  stated  by  Mr.  De  that  in  Bengal  the  rate  of  examination 
is  very  slow.  But  I  think  it  very  necessary  that  we  should  not  examine 
at  a  very  high  speed.  Especially  I  would  be  the  last  to  advocate  the 
examination  of  three  moths  per  minute.  It  seems  that  the  French 
authority  whom  Mr.  De  has  quoted  is  Monsieur  Blachon  who  states 
that  1,200  moths  can  be  examined  per  day.  But  he  does  not  specify 
the  number  of  hours  per  day  to  be  eight  hours  and  he  also  gives  that 
figure  for  the  best  examiners.  M.  L'Arbousset's  figures,  if  I  remember 
right,  are  from  400  to  500  per  day  of  eight  hours. 

From  what  I  have  myself  examined  in  my  rearings  on  a  large  scale — 
and  I  doubt  whether  anj^where  else  in  India  rearing  is  done  on  Such 
a  big  scale  as  in  Bengal  in  the  Government  nurseries, — I  am  convinced 
that  the  gut  system  of  examination  will  materially  assist  us  in  efiecting 
a  great  deal  of  improvement  towards  the  economic  condition  of  the 
industry.  The  question  of  tune  is  a  very  paltry  matter  in  comparison 
to  the  immense  advantages  this  system  is  calculated  to  render  towards 
the  successful  results  which  will  undoubtedly  follow  the  adoption  of 
this  method  in  preference  to  the  old  system. 

With  your  permission  I  beg  to  speak  something  by  way  of  criticism  Mr.  Harihar 
of  Mr.  De's  valuable  paper.    As  I  am  connected  with  sericulture  and  ^''*^*^- 
pebrine  for  the  last  about  ten  years  I  have  had  some  opportunity  of 
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seeing  some  of  the  important  Sericultural  Centres  and  also  meeting 
with  some  of  those  gentlemen  who  are  at  present  engaged  at  the  seed 
selection  work  m  India. 

C4entlemen,  I  would  endeavour  to  bring  to  your  notice  some  of  the 
controversial  points  mentioned  in  the  learned  paper. 

I  do  not  like  to  give  the  figures  I  have  got  in  the  experimental  work 
at  which  I  am  engaged.  I  do  not  Uke  to  give  my  own  figures  in  con- 
tradiction to  what  has  been  said  about  the  different  points  connected 
with  the  methods  of  examination.  From  the  facts  and  figures  quoted 
in  the  paper  itself  I  shall  try  to  explain  their  value. 

Mr.  De  says  that  he  examined  moths  in  the  Bengal  method,  i.e., 
crushing  the  moths  in  paper  and  also  m  the  Pasteur  method  and  found 
more  pebrinized  moths  in  the  latter  method  than  in  the  former.  He 
says  that  in  Mukerjee's  method  (Bengal  method)  all  the  parts  do  not 
get  crushed  well  and  pebrine  corpuscles  are  not  found  if  they  remain  in 
uncrushed  parts. 

About  10  per  cent,  of  the  moths  attacked  mildly  go  undetected. 
If  the  major  portion  of  the  juice  is  taken  from  the  colon  only,  as  it  appears 
to  be  done  in  Bengal,  the  chance  is  that  rather  more  than  20  per  cent, 
of  the  moths  attacked  with  pebrme  will  go  undetected. 

Now,  gentlemen,  to  my  knowledge  Mr.  De's  method,  at  least  prior 
to  the  pubUcation  of  Mr.  Hutchinson's  Bulletin,  was  exactly  the  same 
as  Mukerjee's,  as  is  evident  from  Mr.  De's  Bulletin  No.  39. 

In  facir,  Mr.  Hutchinson's  method  is  responsible  for  removing  the 
defective  method  so  far  practised  everywhere  in  India. 

Regarding  the  figures  quoted  by  Mr.  De  about  the  comparative 
numbers  of  diseased  moths  found  in  the  Pasteur  and  Hutchinson  method, 
practically  no  difference  has  been  shown.  In  one  or  two  cases  he  shows 
one  or  two  more  pebrmized  cases  in  Pasteur's  method  while  in  other 
cases  he  shows  one  or  two  more  pebrinized  cases  in  Hutchinson's  method. 
One  important  point  to  note  in  this  connection  is  the  highly  diseased 
condition  of  his  experimental  lots,  because  he  shows  as  many  as  43 
diseased  cases  out  of  50.  So  it  is  clear  that  his  experimental  broods 
were  from  a  very  highly  diseased  lot  and  it  may  be  remembered  that  in 
such  highly  diseased  lots  any  method  would  show  pebrine  easily.  The 
superiority  of  Mr.  Hutchinson's  method  is  of  very  great  value  inasmuch 
as  it  can  help  detection  of  pebrine  in  even  mild  and  earlier  stages  of 
the  development  of  the  disease  such  as  are  usually  met  with  in  India  in 
the  hot  season  when  the  life-cycle  of  the  silkworm  is  "rapidly  passed 
i^-ithout  giving  time  enough  for  thorough  propagation  of  the  parasite. 
Mr.  De"a  experiments  have  been  done  ui  the  winter  season  of  this  year. 
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My  experience  shows  that  there  are  many  cases  met  with  where 
pebrine  would  go  undetected  if  the  gut  is  not  properly  examined.  As 
a  matter  of  fact,  Mr.  De  has  admitted  this  indirectly  in  the  course  of 
his  paper.  The  paper  said  that  in  about  95  per  cent,  of  the  moths  he 
finds  more  pebrme  in  the  gut  than  in  the  body-juice.  He  says  that 
in  a  very  few  cases  one  or  two  pebrine  spores  were  detected  in  the  gut 
and  not  a  single  one  in' the  body-juice. 

Then^what  about  these  few  cases  ?  Would  they  not  go  undetected 
if  Mr.  Hutchinson's  method  was  not  employed  ? 

Again,  he  says  that  in  rare  cases  he  noticed  one  or  two  pebrine  spores 
in  the  body- juice  but  not  in  the  gut.  Can  it  be  explained  where  did  these 
one  or  two  pebrme  spores  come  from?  I  do  not  know  whether  "  few 
cases  "  are  more  than  "  rare  cases." 

In  order  to  avoid  the  colon  content  Mr.  De  suggests  the  use  of  incuba- 
tors and  caustic  potash.  Will  it  not  be  difficult  in  practice  to  incubate 
the  moths  keeping  the  same  number  on  the  egg  card  as  also  on  the  bags 
in  which  the  moths  are  to  be  dried  1  The  use  of  caustic  potash  makes 
the  pebrine  spores  look  dull. 

However,  Mr.  De  admits  that  Mr.  Hutchinson's  method  is  an 
efficacious  one  but  he  thinks  it  is  a  slower  method.  He  also  speaks 
of  irresponsible  overseers  who  may  not  work  properly.  I  think  where 
Governments  are  anxious  to  eradicate  the  disease  the  question  of  slowness 
does  not  come  in,  especially  in  view  of  the  sureness  of  the  method.  He 
admits  that  this  method  enables  the  examination  of  the  moths  to  begin 
earlier.  He  admits  that  the  only  advantage  in  this  method  is  that  when 
infection  is  mild  in  the  mid-gut  it  will  take  httle  time  and  attention  for 
the  detection  of  the  spores,  whereas  according  to  Pasteur's  method  more 
time  and  attention  will  be  required  and  in  a  few  cases  spores  may  go 
unnoticed  if  not  treated  with  caustic  potash.  My  experience  shows 
that  in  the  multivoltine  races  in  India  many  cases  will  go  undetected 
if  examined  by  the  rough  method  which  is  in  almost  all  cases  possible  in 
the  crushing  method. 

Professor  N.  Ct.  Mukerjee,  who  made  a  thorough  study  of  the  para- 
site in  France  and  in  India,  distmctly  says  on  page  57  of  his  Handbook  of 
Sericidture  that  "  if  a  silkworm  gets  the  pebrine  germs  the  day  before 
it  is  read}'  to  spin  cocoons  and  if  it  is  examined  in  the  moth  stage  on  the 
fifth  day  the  germs  get  only  fourteen  days  to  develop  themselves.  Unless 
pebrine  is  associated  with  Flacherie,  corpusculation  does  not  take  place 
in  fourteen  days  and  the  moth  may  be  passed  as  disease  free,  though 
full  of  pebrine." 

I  think  for  such  cases  gut  examination  is  the  only  remedy. 

Mr.  De  says  that  spores  will  be  found  in  suf&ciently  large  numbers. 
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This  is,  I  think,  contradictory  to  his  above-quoted  statements  when 
he  speaks  of  mild  infection. 

With  regard  to  infection  through  wounds  Mr.  De  himself  says  that 
he  carried  out  two  experiments  to  see  if  infection  takes  place  through 
wounds.  He  took  100  caterpillars  in  each  of  the  two  experiments, 
in  one  70  caterpillars  died  of  wounds  and  he  got  6  mild  cases  of  pebrine. 
His  control  lot  also  showed  2  cases  of  pebrine.  In  the  second  experi- 
ment he  got  negative  results  and  89  caterpillars  died.  I  think  both  his 
experiments  gave  negative  results  as  his  control  lot  in  the  first  experi- 
ment showed  pebrine  and  it  is  just  possible  that  there  was  disease  already 
present  in  his  exjjerimental  lots.  Mr.  De  wrote  to  three  or  four  people  in 
foreign  countries  for  opinions  on  this  point.  Two  people  seem  to  have 
given  as  their  opinion  that  infection  does  not  take  place  and  one  man 
says  that  rarely  it  does.  Upon  this  doubtful  point  Mr.  De  tries  to  make 
a  case  that,  in  case  infection  takes  place  through  wounds,  the  ovary 
alone  of  the  moth  may  be  infected  and  not  the  gut.  This  to  my  mind 
seems  to  be  imaginary  for  in  nature  we  do  not  come  across  any  such 
wounded  caterpillars  and  the  caterpillars  are  so  delicate  that  when 
they  get  wounded  they  die  before  becoming  moths.  I  do  not  think 
Mr.  De  has  ever  come  across  any  such  moth. 

Mr.  De  says  that  "  the  pebrine  disease  is  not  a  hereditary  disease 
but  is  only  transmitted  from  a  mother  to  its  progeny."  I  would  like  to 
have  explained  the  meaning  of  this  funny  sentence. 

In  conclusion,  he  admits  of  mild  cases  in  which  the  gut  is  the  only 
affected  part  and  no  other  tissues. 

In  my  opinion,  no  case  has  been  made  out  to  criticize  Mr.  Hutchinson's 
method,  which  is  based  upon  scientific  work  and  not  upon  information 
gathered  from  private  letters  and  books. 

I  thank  you,  gentlemen,  for  giving  me  an  opportunity  of  explaining 
thmgs  and  I  also  thank  Mr.  De  for  his  efforts  in  the  cause  of  Science. 

I  had  occasion  to  visit  the  Berhampore  silk  nursery  in  1909  and  at 
that  time  they  were  throwing  off  the  wings  and  thorax  of  the  moths 
and  only  crushing  the  abdomen. 

Mr.  De  recommended  the  same  method  in  his  first  Bulletm. 
It  would  have  been  much  better  if  we  could  have  some  definite  deci- 
sion regarding  the  best  method  to  adopt  for  elimination  of  pebrine. 
The  man  under  me  does  not  know  which  method  to  follow.  One  is 
tedious  and  the  other  is  inaccurate.  As  far  as  I  can  make  out,  the 
methods  are  the  same  and  do  not  show  any  difference  in  results.  The 
question  is,  which  is  the  one  that  can  be  carried  on,  on  a  commercial  scale. 
If  Mr.  Hutchmson's  method  is  to  be  followed,  then  the  seed  should  be 
distributed  by  Government  agency. 
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As  regards  the  possibility  of  developing  the  method  of  Selection  Mr.  Hutchinson. 
suggested  by  me,  we  leave  it  to  the  commercial  people  to  judge.  Mr. 
Chaudhuri  is  engaged  in  the  work  on  a  commercial  scale  and  he  has 
already  said  what  he  thinks  on  the  subject.  The  future  ehmination  of 
pebrine  depends  on  the  examination  of  the  moths  and  also  in  raising 
the  resistance  of  the  larvae  to  the  disease.  We  can  do  this  latter  either 
by  hybridization  or  by  selection.  Mr.  De  has  done  a  good  deal  of  hybri- 
dizing and  I  have  done  some  work  on  pebrme.  If  we  tackle  the  jjro- 
blem  together,  it  will  be  very  good.  I  should  like  to  invite  Mr.  De  to 
co-operate  with  me  in  testing  the  new  method  and  to  help  with  his 
experience  in  hybridizing.  » 

I  am  quite  willing  to  co-operate  with  Mr.  Hutchinson  in  the  experi-  Mr.  De. 
ments  he  contemplates.     So  far  I  have  been  working  along  lines  different 
from  those  on  which  Mr.  Hutchinson  has  been  working. 

As  regards  the  criticisms  on  my  paper  by  Messrs.  Chaudhuri  and 
Harihar  Prasad,  I  suggested  the  paper  method  for  the  examination  of 
moths  when  I  was  a  new-comer  and  had  no  experience,  although  I  my- 
self pointed  out  the  defects  of  that  method.  As  regards  the  large  per- 
centage of  pebrine  in  the  worms  which  I  used  for  testing  the  different 
method  of  examination,  this  was  done  purposely  for  the  experiments, 
and  this  percentage  of  infection  must  not  be  taken  as  that  normally 
found  in  the  Pusa  Silk-house. 

Can  the  pebrine  germs    affect  other  kinds  of  caterpillars  besides  Mr.  Ramrao. 
silkworms  ?     We  have  to  do  with  swarming  caterpillars  and,  if  we  could 
use  such  a  disease,  we  might  be  able  to  kill  them. 

I  do  not  know  about  other  pests,  but  Prodenia  litura  can  be  artifici-  Dr.  Gough. 
ally  infected. 


46.— EXHIBITION    OF    SPECIMENS   AND    DEAWINGS    OF 
INDIAN  WILD  SILK-MOTHS. 

By  C.  M.  Inglis. 

[Mr.  Inglis  exhibited  his  collection  of  wild  silk-moths  and  a  number  of 
coloured  drawings  of  various  species  of  the  moths.] 

We  are  much  indebted  to  Mr.  Inglis  to  taking  so  much  trouble  In  Mr.  Fletcher, 
bringing  his  collection  of  silk-moths  and  his  excellent  drawings  for 
exhibition  at  this  Meeting. 
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